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Preface 


There is a fire raging across America and around the world. It is an 
unstoppable grass fire; the legalization of recreational marijuana. As 
of this writing, it seems inevitable that cannabis legalization will 
happen in many states and in many countries. The flames are driven 
by the failed war on drugs, the desire to remedy decades of unfair 
marijuana related incarceration, a growing medical marijuana 
industry, and by the enormous profits to be made in the recreational 
marijuana market. Clouded by all the smoke and noise is the clear 
scientific evidence that long term use of marijuana and cannabis 
products can be harmful to the health and well being of many 
individuals, especially adolescents and young adults. 


My motivation for writing this book is first as a brother and father 
and second as a scientist. I have seen the effects of weed on my 
immediate and extended family and friends. As a scientist, it is 
strangely discordant that the public, legislative, and individual belief 
that marijuana is safe flies in the face of a great deal of scientific 
evidence that marijuana can cause significant harm to your health 
and in your life. I hope you will learn some things. I know I did. I 
hope it will light a small fire in you as you think about it, discuss 
these issues among friends and family, and decide your own path 
forward. 
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Chapter! 
Introduction 


Who Is This Book For? 

This book is for you. If you smoke weed or use cannabis products. 
You are going to spend a lot of money and time with weed; shouldn't 
you know more about it? What it could be doing to your health? 


It is for you if you are young, your friends are smoking weed, and 
you have questions about the health risks of weed. Is it safe? How 
much is too much? What are the long term effects? 


It is also for you, if you are a parent, brother, sister, or a friend of 
someone who uses weed and are concerned about their welfare. 


It is for you if you are just curious and wish to get a direct line to the 
scientific basis of one of the major controversies of our time. 


What Is This Book About (and Not About)? 

The main goal of this book is to take on two common opinions in the 
public sphere that are just not true. The first is, “weed never hurt 
anybody,’ and the second is, “we don’t really know, there aren't a lot 
of scientific studies on the effects of weed.” Well, there is an 
overwhelming amount of published peer-reviewed scientific 
evidence that weed causes harm in some people—not everybody— 
and that it has the potential to affect your health and well being. 
Science is a journey, there is always more to be uncovered. But, if 
you think there is not a lot of science about the health risks of 
weed...here’s your chance to learn more. 


This is a sourcebook about marijuana. The focus is on science, in 
particular, the many scientific studies on the harm that using 
marijuana may cause you and your friends. And for you to really 
understand, and delve deeper into why weed may be harmful, there 
is a reference section at the end of the book. That section contains 


the papers I have used to prepare this book. And I want you to be 
able to read these papers too. 


When you visit the companion website, Whoa Dude References, 
found at https://whoadude-the-book.com/references/ you will be 
able to download and read many of the scientific papers mentioned 
throughout this book. 


What good is it to you if I cite a reference to a scientific publication 
in the prestigious “Journal of Blah Blah Blah,’ but you don’t have 
access to that publication? Not much help at all. I don’t want you 
take my word for it. You’re smart; I believe in you. So, I’ve made the 
papers easily available for you to look at. You can read a few 
scientific papers. You may find them interesting. You may be 
convinced to learn more. You might even do a little better at trivia 
night down at the pub on Tuesday nights. 


This book is not about the potential benefits of medical marijuana 
and cannabidiol (CBD). Medical marijuana may hold promise for 
certain conditions and diseases, but much work needs to be done 
with regard to its safety and efficacy. Information about medical 
marijuana and CBD is available from your doctor. 


This book is about the recreational use of weed in adolescents, young 
adults and older people. It is about the dark side of weed. It is a 
cautionary tale. And like all cautionary tales, it’s about what could 
happen, not what will happen. In scientific parlance that is known 
as probability. Everything in life has a certain chance of happening 
and a certain chance of not happening, influenced by what you do or 
do not do. 


There be wolves. The big bad wolf may not eat you, but you don't 
want to be Little Red Riding Hood skipping merrily down the lane, 
totally clueless to wolves behind trees. Weed may not harm you, but 
it might hurt your brother, your kid, your best friend, or that shy 
teenager that lives in the house three doors down. If you are into or 
are getting into weed, you should understand the health risks. 


As more and more localities, states, and federal governments debate 
the legalization of medical and recreational marijuana, many people 
have questions about its short and long-term health effects. There is 
growing evidence that because weed is being legalized, people think 
that marijuana is safe for everyone. This is simply not true. If you only 
get your information from the internet, you are getting a mashup of 
myths, facts, self promotion, confirmation bias, opinion, and 
marketing based on greed. I have different motives in this book. I 
want to help you go directly to the sources of scientific information 
about the harmful health effects of marijuana. If you are going to 
spend the next 20 years smoking weed and spending a lot of cash as 
well...maybe put a little time getting up to speed, thinking about 
what this habit could possibly do to you. 


This book is a discussion about the scientific evidence that 
marijuana can cause harm in people. This is true for people at any 
age, but Iam emphasizing its effects on teens and young adults. We 
are going to look at the growing scientific evidence of marijuana and 
harm. This science is not finished; it is in progress, and some studies 
conflict or are controversial. Some evidence is strong and the 
connections are pretty clear, while other studies are more 
preliminary. But in each case, there is enough data for medical 
professionals to emphasize caution and concern. Let’s consider 
what they are concerned about. There is increasing evidence to say., 
Whoa Dude, let me think about this, maybe tap the brakes a bit. 


In this book, you’re not going to read crazy talk like whats in “Reefer 
Madness” or anything simplistic like, “Just say No.” These 
approaches are outdated and superficial in an era of marijuana 
decriminalization, medical marijuana dispensaries, and the 
legalization movement. 


I personally believe in marijuana decriminalization and 
medicalization. The “War on Drugs” has been a colossal failure and 
has ruined many lives, especially in minority communities. 
However, I do not support the rapid aggressive commercialization of 


marijuana, the “Budweiser-ization” of weed, which is driven by 
greed and self interest; not by health concerns and science. 


In today’s world, you have to decide for yourself if you smoke or use 
weed, or not. There is so much misinformation and self promotion 
on the internet, its crazy. To make good decisions, you need to be 
well informed. When it comes to weed, like for many other things, 
know as much as you can about what you put in your body. 


Chapter 2 
Getting Your Bearings 


Different Levels of Scientific Evidence; Statistical 
Associations versus Causality; Multiple Studies from 
Different Research Groups; Older Data or Newer Data In the 
World of Weed; PubMed and PubMed Central; Ten Excellent 
Free Reviews. 


This book is full of honest discussions on topics of great concern to 
people who rigorously and independently study the effects of 
marijuana on the human body and its effects on society. They 
publish the results of these studies in peer-reviewed scientific 
journals. This is the gold standard of scientific analysis. In this book, 
you will not read opinions that are just found on the web. 


What kind of studies are we going to talk about? Many kinds: cell 
culture studies, molecular, genetic, and statistical studies, human 
and animal studies, studies from different countries, population 
studies, meta-analyses, narrative reviews and systematic reviews. 
Case studies are anecdotal individual stories and are quite different 
than large population statistical based studies. We will discuss small 
studies, large studies, exploratory studies, conflicting data, 
confirmatory data. Each type of scientific study has its strengths and 
limitations. Some countries have excellent health data systems such 
as the U.K., Sweden or Israel, or longer experience with medical or 
recreational marijuana, like The Netherlands, Canada and Uruguay. 
Each type of study plays an important role, each has limitations. 


Research into the effects of marijuana is not a conspiracy by big 
pharma. The vast majority of research described in this book is 
performed at universities or government research labs, and is 
funded primarily by government agencies like the National 
Institutes of Health or non-profit medical funding organizations like 
the Howard Hughes Medical Institute (HHMI) in the U.S. or the 


Wellcome Trust in the U.K. Most of the day to day research work is 
done by smart, hardworking, but underpaid graduate students and 
post-doctoral fellows. They deserve a lot of credit. 


There are certain kinds of studies you can only do in animals, such 
as drug intervention studies in a rat brain. Besides the ethical issues 
of injecting experimental drugs into people, it is often very difficult 
to disentangle all the factors in human studies, like other underlying 
health conditions, socioeconomic status, genetic background, study 
completion, sources and potency of the weed used, and other 
substance use, such as alcohol and nicotine. Highly controlled, 
standardized testing of cannabinoids in the rat complements human 
studies and has been essential in teasing apart the complex effects 
of weed on neurobiology and behavior. I understand if you have 
concerns about the ethical treatment of animals in scientific studies; 
many people do. I share those concerns, but as a scientist, I have 
seen the irreplaceable value in thoughtfully using animals in 
research. This research improves health and saves lives. 


We learn something from each type of study; it’s all good. Each study 
increases our knowledge about the effects marijuana has on your 
health, your behavior, and on society. In this book, every topic will 
be extensively referenced. From the book's website, you can find 
links to these publications, so you can read the original research. My 
promise to you is I will give you the facts based on the research. No 
opinions (except where stated), no proselytizing, no diatribes about 
what you should or should not do. You decide. Look at the studies 
described in the book, read them, talk to your friends, your siblings, 
your parents, or a teacher. Start a rousing discussion. And then 
make wise informed decisions. 


There Are Different Levels of Scientific Evidence 

I am going to define three levels of scientific evidence that we find in 
scientific publications. These three levels reflect the amount of 
evidence amassed and the degree of certainty about a hypothesis or 
question. It is an acknowledgment that the scientific process is a 
journey. Ideas are proposed, tested, and expanded upon. Sometimes 


an idea falls flat and is abandoned. Sometimes a hypothesis is 
confirmed, and that leads to other theories and concepts. Scientific 
techniques, equipment, and algorithms get better over time. Science 
is a process. 


Strong evidence 

Strong evidence means that multiple independent research groups 
find statistically significant evidence supporting the same or similar 
conclusions on a topic. Characteristics of studies that contribute to 
this strength rating are reports that include a large number of 
participants, and ones that come from different countries and 
populations, and therefore local or regional peculiarities may be 
diluted. Strong evidence tends to be supported by different types of 
studies such as; case studies, molecular studies, small focused 
studies (~20 people), large population studies (>20,000 people), 
database comparisons, meta-analyses, animal studies, 
interventional studies, and other types of studies that complement 
and tend to support the overall concepts. This rating doesn’t have to 
include all these kinds of studies, its just that more supporting 
evidence is better. There may be some conflicting or negative 
studies here, but the large majority of studies support the basic 
observations. An example of a topic with strong supporting evidence 
is cannabis and psychosis (see Chapter 7). 


Emerging evidence 

Emerging evidence is based on multiple preliminary studies in 
which there is an increasing amount of evidence that supports a 
given conclusion. Usually this includes increasingly diverse and 
larger studies on a specific topic. The concept doesn’t have to have 
super strong support yet, but there is enough evidence to allow a 
reasonable person to say “there is something going on here.” An 
example of a topic in which there is emerging evidence is cannabis 
and myocardial infarction (heart attack; see Chapter 9). 


Preliminary evidence 
This strength rating comes when there are a few publications 
making conclusions that are very interesting and may introduce new 


topics. All big ideas start with an initial paper. Sometimes a big 
claim might be made about a result, but it may not pan out upon 
further research, or it may grow in strength with further 
confirmatory studies. These are things to watch. There may be 
conflicting evidence as well. There might be studies that find no 
support or directly conflict with other studies about that topic. For 
example: Cannabis and Anxiety (see Chapter 7). 


When can we say that something is proven? Most scientists don’t use 
the word proof, except maybe mathematicians. The word proof is 
used by the general public. Most scientists constantly weigh the 
evidence for a hypothesis. When the evidence becomes strong or 
convincing, then the hypothesis becomes generally accepted as 
correct. But that consensus can change if new, contrary evidence 
comes to light. Science makes room for conflicting evidence. That's 
how science works: different research groups amassing evidence; 
different hypotheses duking it out. 


Sometimes people don’t accept a finding until causality is strictly 
shown, even when there is a great deal of supporting evidence. You 
can often make wise personal health decisions when evidence is still 
emerging and is becoming clearer, rather than waiting until formal 
causality is proven, which may be a long time in coming, if ever. It 
was generally accepted by the public that cigarette smoking caused 
lung cancer, while industry spokesman denied that finding. 
(Sometimes, causality is viewed in the rear view mirror, only after 
great harm has occurred.) 


Statistical Associations versus Causality 

An important distinction in science is between a statistical 
association and direct causality. An association is when one 
thing is very often found with a condition. Many times the 
association is identified by various mathematically rigorous 
statistical tests. Causality is when a condition is directly caused 
by that thing. Establishing causality is not simple to do. Quite 
often an association is due to direct causality, but other times 
things are tangled and complex. There are times when you can 


only identify a statistical association, and you personally are 
certain that it is real, but as hard as you try, you can’t figure out 
the cause (science never cuts you a break). 


Sometimes an effect is caused by many inputs, not just by A, it 
can be A+ B with a C kicker. And sometimes an association can 
be purely coincidental. There is probably a high statistical 
correlation between Seattle grunge rock and the increasing use 
of cell phones. They both took off in the mid 1980s into the early 
1990s; purely coincidental. 


Many statistical associations are rock solid and hold up, but 
sometimes associations are spurious and fall apart. Quite often 
statistical associations are identified in large population studies. 
Scientists may then try to establish direct causality through 
focused molecular or animal studies. 


Why Multiple Studies from Different Research Groups 
Strengthen a Scientific Finding 

If a particular scientific conclusion comes just from one 
research group, be skeptical, the jury is still out on whether it’s 
real or not. That’s why a splashy new report in the media of a 
novel finding is suspect until it is confirmed independently. If 
different independent groups, from different universities, come 
to the same conclusion, that strengthens the hypothesis. If 
different types of studies, such as population statistical studies, 
molecular studies, and animal studies, all support that 
hypothesis, that’s even better. If a hypothesis is tested by 
different groups in different countries, even better. So if you see 
that a health risk from cannabis is found in the United States, 
Australia, Sweden, Brazil, and Canada, that’s super strong 
evidence. 


Why It Matters Whether We Look at Older Data or Newer 
Data In the World of Weed 

If human population studies of cannabis use older data 
collected by self reporting or personal use, those studies may 
not reflect the much higher potency of weed today or of 
increasing cannabis availability due to legalization. Some 


studies by design include older data. For example, longitudinal 
studies which look at populations over many years are well 
established and important types of studies. However, one 
potential downside to a longitudinal study about marijuana is 
that the longer it looks back in time, the more likely the study 
will be confounded by the very different potencies of weed and 
weed extracts then and now, and the greater access to 
marijuana currently. Sometimes, authors note these differences 
and correct for them statistically. A meta-analysis or a 
systematic analysis is a report that aggregates many different 
studies on a topic. These may include older studies, but may not 
account for the higher THC concentrations or greater access to 
weed today. When you are reading a study that includes older 
data on weed from human studies, such as ones that use self- 
reporting or questionnaires, look to see if the authors have 
accounted for the differences in potency and availability over 
time. 


How to get and read scientific and medical papers directly 
from PubMed (sometimes free) or PubMed Central (always 
free) 

When it comes to informing the public, one of the main problems 
with scientific publishing is that quite often it is just scientists talking 
to scientists. Many times important information doesn’t get out into 
the general public or is forgotten after today’s news cycle. Another 
huge issue which feeds into that, is that in many cases you may have 
to pay for access to scientific papers. However, more and more, with 
open access scientific publishing, reading scientific and medical 
publications is free. I will highlight those papers that are free and 
you can download and read them directly. 


I encourage you to try to read the scientific papers discussed here. 
This is important stuff. Download them, send them to other 
interested people. Send them to people who are not so interested. 
Present them as reports in science or health class. Give them to your 
kids. Explain them to your grandmother. 


Here is a trick to reading scientific papers for the novice. Don’t read 
them in order. Read the Title and Abstract first, then the Conclusion, 
then the Introduction, then the Discussion. If you are still hanging 
in there, get into the Results, then the Methods. Don’t get 
discouraged if you don’t understand all the details. Quite often a 
novice will blast through a paper and get bogged down in the 
methods and specific detailed results and cry out “I don’t 
understand!!” Try to get an overall impression of the paper before 
you get up to your eyeballs in the specific details. 


Another hint is that every scientific paper has the email address of 
the communicating author, usually in the affiliations on the Abstract 
or first page. Email them, ask them questions. Quite often they will 
send you a copy of the article. Keep the discussion going. Invite 
them to give a talk; they love that. 


PubMed is the main public website where you can search directly 
for scientific and biomedical published papers. It contains over 30 
million citations for biomedical literature from the MEDLINE 
database, hosted by the National Center for Biotechnology 
Information at the U.S. National Institutes of Health. It is an 
enormously valuable resource for you, important in your health, for 
medical information and scientific discovery. 


The easiest way to search PubMed for the papers referenced here is 
with the PubMed ID number (PMID). Each scientific reference in 
this book has a PMID number, (and/or PubMed Central ID) at the 
end of the reference. Go to the PubMed website: 
https://www.ncbi.nlm.nih.gov/pubmed and type just the number in 
the PubMed search box and hit enter. What you will see is the Title 
and Abstract for that paper. In the upper right corner you may find 
Full Text Links. Click on any of those to go directly to read the paper. 
Sometimes the journals website is open access and free, but 
sometimes there is a charge. Sometimes there is no link to the 


paper. 
You may see references with a PMC number and a link to PubMed 


Central (PMC). https://www.ncbi.nlm.nih.gov/pmc/ 


PubMed Central, is the repository of free open access subset of 
PubMed, directly linked to the paper. It is newer, smaller in scope, 
and complimentary to PubMed. I encourage you to go right to the 
papers, read them yourself. Download them and send them to other 
folks. If a reference in this book has a PMC number, you can go 
directly to the free PubMed Central website and enter the PMC 
number in the search box to get direct access to the paper. I will 
highlight the reference if there is a free source for that particular 
reference. 


Also check out the Whoa Dude free website where you will find a list 
of all the references in the book. You can click through directly to 
many of the abstracts, papers or websites referenced. Whoa Dude 


Online References https://whoadude-the-book.com/references/ 


Ten Excellent Free Reviews for You to Read On the Possible 
health Effects of Weed 

A scientific review paper is a broad look at a topic by experts who 
have worked in a field for a long time. Reviews contain a thoughtful 
discussion with many citations to support the discussion. Here are 
ten excellent free reviews on the harmful effects of weed, I am 
putting them right here, rather than burying them in the references 
because its important, take a look at some or all of them. Your 
homework is to read at least one, there is no test. I have read almost 
certainly over 10,000 scientific papers in my life, I’m just asking you 
to read at least one. Any one of these review papers will get you up to 
speed. Read all ten and you will be the expert. 


Go to PubMedCentral https://www.ncbi.nlm.nih.gov/pmc/ and 
search with the PMC number found after each reference. 
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Chapter 3 
Things to know about Weed 


The Big 4-How early, How often, How much, How strong; Low 
Dose/High Dose-Short Term/Long Term use; People are 
different; This is not the marijuana of the 1969 Woodstock 
generation; 


To jump into the science of the harmful effects of marijuana you first 
have to become familiar with some important concepts in relation to 
weed. 


1. The first set of important things to think about is what I 
call: The BIG FOUR. They are: 

- how early 

- how often 

* how much, and 

- how strong 

The age you start using weed, how often you use it, how much you 
consume, and its potency are all directly related to the potential for 
bad outcomes in almost everything described in this book. 


As you will read later on, marijuana can affect many complex 
processes including brain function and development, motivation, 
and your emotional state. The age you start using weed is especially 
important in how it could alter those critical stages of development 
and affect your life through the teen years and into adulthood. A 
national survey in the United States of almost 45,000 teenagers from 
1975 to 2015 reported that 12% of 8th graders (ages 13-14), 25% of 
10th graders (ages 15-16) and 35% of 12th graders (ages 17-18) have 
used marijuana in the past year! 


Beginning marijuana use in the early teen years has been shown to 
increase the chance of symptoms of drug abuse later in life. A study 
of cannabis use in 1,030 boys ages 13-17 reported that those who 


started using cannabis before age 15 were at a higher risk of 
developing drug abuse symptoms by age 28. They further state that, 
“the odds of developing any drug abuse symptoms by 28 were 
reduced by 31% for each year of delayed cannabis use onset.”"”!, 


The age when you start smoking weed can also have an impact on 
your education and future employment(see Chapter 10). A study from 
the University of Texas showed that those who reported first using 
marijuana between the ages of 12 and 14 had a less chance of 
completing high school than those that started between the ages of 
15 and 17!%. 


Early marijuana use can also influence the age at which you may get 
psychological problems, including psychosis, depression and anxiety. 
A study from Harvard Medical School demonstrated that that the age 
at onset of cannabis was directly associated with age at onset of 
psychosis"*!, A comprehensive review of the scientific literature in 
2019 stressed the importance of the age of first marijuana use on 
psychosis, depression and anxiety in those under the age of 25'"4!, The 
title of a recent scientific paper from the University of Miami spells it 
out, “Smoking Cannabis and Acquired Impairments in Cognition: 
Starting Early Seems Like a Really Bad Idea”), 


How often you use weed and how much you use at any age are both 
central to the discussion of marijuana related harm to your health. In 
some ways it’s similar with cigarettes, alcohol, ice cream, and many 
other things in life. Having a bowl of ice cream is not going to make 
you fat. Eating a big bowl of ice cream three times a week for thirty 
years may lead to obesity, diabetes, and heart disease. Smoking a 
joint at a party is not going to kill you. Beginning to use weed at age 
14 and then using it often through your teen years when your brain 
development is in full swing; that’s risky behavior"*!. Doing the “wake 
and bake”"” or smoking weed nearly every day, just to take the edge 
off can lead to dependence, addiction, increasing anxiety, 
depression, and other health complications. At some point you may 
cross a line, and while that line is different for different people, these 
are bad health outcomes. Consider whether you want to put yourself 
at risk. 


Figure 1. How frequently you smoke or use weed. 
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Occasionally, every now and then 


Once a week 


Multiple times a week 


Every day or nearly every day 
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In addition to how often and how much you use, the health risks also 
increase with increasingly stronger cannabis and cannabis products. 
The effects of potency goes for cannabis products as well, eating THC 
edibles with 50% THC, then saying “dude, do you feel anything, I 
don't feel anything”...and eating more"*!, could send you straight to 
the emergency ward"**"!, 


2. The second important concept is: Low Dose/High Dose 
and Short Term/Long Term use. 

There is a sweet spot in spices; salt, pepper, sugar, medicines and 
many other things we take into our bodies. Low dose and/or short 
term use-ok, High dose and/or long term use-bad. These effects are 
related to the concept of Dose-Response. 


There are many examples in this book where cannabis may have a 
“bi-phasic effect” *"!, Short term use, also referred to as acute use, 
or a low dose of weed in some cases, not all, may not be harmful or 
maybe even beneficial, but long term use, also referred to as chronic, 
daily or near daily use, or higher potency weed, may have 
increasingly cumulative harmful effects. Studies in animals also 
support this low dose ok-high dose bad concept. This is true in many 
things in life as well. 


Let me stress that although there are examples of low dose-ok: high 
dose-bad with cannabis use, there is emerging evidence that even 
low doses or a single use of cannabis can cause harm”*!, including 
psychosis!, It is reflective of the complexity of neurobiological 
responses and individual differences in response to cannabis. 


What is a Dose-Response Relationship and why is it 
important? 

With many drugs, both medicinal drugs and drugs of abuse, 
there is an effective range where the drug works; too little is not 
effective, too much can cause harm or even death. This is called 
a Dose-Response Relationship”. For example, certain cancer 
drugs work only in a specific range, too little doesn’t work; too 
much can kill you. If you read a scientific study of Cannabis and 
they demonstrate a dose-response relationship; that bad health 
outcomes appear with an increasing dose or potency, that is a 
good indication that this scientific result is true. For example, 
epidemiological data for Cannabis use shows a Dose-Response 
Relationship with psychosis outcomes!, It should be clearly 
noted that there are studies that show “single doses of cannabis 
and THC cause a dose dependent reduction in performance as 
assessed with neurocognitive tasks measuring memory, 
attention, impulse control and motor function”?’*”!, 


3. The third important concept is: People are different. 
Different people respond differently to things that affect their health. 
In scientific circles this is known as clinical heterogeneity. We all 
know people who are skinny, can eat anything and as much as they 
want, and they don’t get fat. But for other people its, “once on the 
lips, forever on the hips”. For them, eating and weight can bea 
constant struggle. The reasons for this are a complex mashup of 
behavior, genetics, impulsivity, social cues, family history, your 
particular metabolism and many other factors. It is similar for 
response to weed. A recent striking example of individual health 
variation is the COVID-19 crisis. About 25-80% of people who were 
exposed to the virus were asymptomatic, many didn’t even know they 
were infected. Some people who got sick just had flu like symptoms, 


while others had a high fever, chills, muscle aches and coughing, 
~5% were hospitalized, and ~1-3% died"*!. Same virus...different 
people, different health outcomes. Just as important is that different 
health outcomes can occur at different ages and with different 
underlying conditions. People are different. 


We now live in the world of “personalized medicine” where each 
person is seen as a unique individual with personal strengths and 
risks. What may be ok for you with weed might not be ok for your 
friend, your neighbor, or somebody with a family history of mental 
illness or substance abuse. Your individual risk profile contributes to 
whether or not you or the people around you could be at risk for 
health problems associated with weed. 


Most people who drink alcohol do not become alcoholics. Most 
people who ever smoke cigarettes do not get lung cancer, and most 
people who ever smoke weed don’t experience paranoia and 
psychosis! or other serious complications, but...(wait for it)...some 
do. When they do, it can be devastating and life changing. My guess is 
you probably don’t want to be that person. Nobody wants to be a 
statistic. 


The majority of people don’t have bad outcomes from 
any single bad thing. 

Just because you may not have a bad outcome due to weed 
doesn’t mean other people might not. If you read cannabis blogs 
and forums on the internet, they are filled with longtime users 
saying, “I’ve been smoking weed for 40 years, and I have never 
had a problem.” Good for them, they dodged the bullet...they are 
lucky. 


Different people have their own complex health resiliency and 
vulnerabilities, only a subset of people may get affected. This is 
how many afflictions work. This is where probability comes in. 
Most people don’t get appendicitis; but ~7% do. Most women 
don’t get breast cancer; but ~13% do. Most people don’t get 
Parkinson's disease; but ~1% do. If you have not gotten any of 
these conditions, thank your lucky stars. If you did get any of 
these, you probably wish it didn’t happen. 


Because bad things due to cannabis haven't happened to you 
doesn’t mean they won't happen to your friend or the vulnerable 
or unfortunate. Hey, most people don’t die in car crashes; but 
0.97% do. It doesn’t mean it doesn’t happen, and it doesn’t mean 
you are not going to drive. It means a wise person is going to slow 
down and be more careful or maybe take the train. 


4. The fourth important concept is: This is not the marijuana 
of the 1969 Woodstock generation. 

The concentration of THC in marijuana has increased from 
approximately 2-4% in 1969 to often over 20% today, over 10 times as 
strong *!. The pot we smoked in high school in 1969 could just as 
easily have been floor sweepings, we wouldn't have known the 
difference. This increase in potency is associated with higher health 
risks than in the past” and now with edibles, vaping, extracts, and 
concentrates, the THC can reach over 80%", Plant breeding and 
cultivation techniques of Cannabis sativa, Cannabis indica and specific 
strains, continues to drive the THC potency higher and higher, while 
the amount of CBD often declines, depending on the strain. Today’s 
marijuana is not your parents pot, or as the Surgeon General said, 
“This ain’t your mother’s marijuana”*!, If you are a parent and think 
“I’m a hypocrite if I say little Jimmy can’t smoke pot, because I did in 
high school”. He’s not smoking what you smoked. Actually, he may 
not be just smoking weed...he’s increasingly more likely vaping, 
dabbing"*!, eating edibles" *", or using concentrates", like wax or 
shatter. 


Chapter 4 


Marijuana Myths and other 
important thoughts about 
Weed 


Marijuana is Not Addictive; Marijuana is natural so it can’t 
be bad; Weed is not a gateway drug to harder drugs; There 
is not enough scientific study of marijuana; Legalization 
and the public perception of safety; Industry 
Disinformation; Weed Use Trajectories; Edibles; Poly- 
Substance Use; Thoughts about Medical Marijuana. 


Myths about weed. 

Myth I. Marijuana is Not Addictive 

It is clear that in some people, smoking weed can lead to a physical 
or psychological dependence or addiction, and this shares 
neurobiological aspects of addiction with other drugs of abuse"). 
From 2002-2017 Cannabis Use Disorder (CUD)! “was the most 
prevalent substance use disorder in North America except alcohol 
use disorder”), Marijuana dependence and addiction is directly 
related to the BIG FOUR, mentioned above; How early, How often, 
How much, How strong. Moreover, there is evidence that CUD is 
more prevalent in males than in females. An excellent discussion of 
marijuana dependency, addiction, symptoms of withdrawal, and 
therapies for marijuana addiction can be found in the book, 
“Marijuana: The unbiased truth about the worlds most popular weed” 
by Kevin P. Hill M.D“, 


In a study of almost 750,000 people in the United States, among adult 
cannabis users, the prevalence of a Cannabis Use Disorder diagnosis 
was 9.3% in 2017™!, Another report in the Journal of the American 
Medical Association-Psychiatry using the National Survey on Drug Use 
and Health of over 500,00 respondents in the United States stated that 


among past-year marijuana users ages 12-17, the rate of Cannabis Use 
Disorder in 2016 was 27.2%'*”7, A commonly cited study"! from 2011 
determined the transition to dependence in cannabis users to be 
8.9%. By comparison, the same study found a transition to 
dependence in alcohol users of 22.7%. The variation in the rate of 
cannabis dependence in different studies is likely due to differences 
in the people studied, requirements for inclusion in the different 
studies, and different ways researchers calculate their statistics. 
Whatever way different research groups calculate it, they find 
Cannabis Use Disorder. 


In a recent review, Ferlund and colleagues'! describe the biology and 
physiology of Cannabis Use Disorder and state that CUD “often has its 
genesis in adolescence and in vulnerable individuals associated with 
psychiatric co-morbidity, genetic and environmental factors”. 
Cannabis use disorder affects one in six adolescent cannabis users", 
Symptoms of withdrawal from heavy and prolonged cannabis use 
have also recently been reviewed"), 


These are the official diagnostic features of Cannabis Use Disorder as 
described in the Diagnostic and statistical manuals of mental 
disorders: DSM-5'"!. See anything familiar? Think on these things in 
relation to your use of weed or those around you. 


DSM-5 Diagnostic criteria for Cannabis Use Disorders 
A problematic pattern of cannabis use leading to clinically 
significant impairment or distress as manifested by at least two 
of the following occurring in a 12-month period: 
1.Cannabis is often taken in larger amounts over a longer period than 
was intended. 
2.There is a persistent desire or insignificant effort to cut down or 
control cannabis use. 
3.A great deal of time is spent in activities necessary to obtain 
cannabis, use cannabis, or recover from its effects. 
4.Craving or a strong desire to use cannabis. 
5.Recurrent cannabis use resulting in a failure to fulfill major 
obligations at work, school or home. 


6.Continued cannabis use despite having persistent or recurrent 
social or interpersonal problems caused or exacerbated by the 
effects of cannabis. 

7.Important social, occupational or recreational activities are given 
up or reduced because of cannabis use. 

8.Recurrent cannabis use in situations which is physically hazardous. 

9.Cannabis use is continued despite knowledge of having persistent 
or recurrent physical or psychological problems that are unlikely to 
have been caused or exacerbated by cannabis. 

1 

0. Tolerance as defined by either: A) a need for markedly increased 
amounts of cannabis to achieve intoxication and desired effect, or 
B) amarkedly diminished effect with continued use of the same 
amount of cannabis. 

1 

1. Withdrawal, as manifested by either: A. the characteristic 
withdrawal symptoms for cannabis, or B. a closer related substance 
is taken to relieve or avoid withdrawal symptoms. 


Myth 2. Marijuana is natural so it can’t be bad 

Natural is not necessarily safe®*!. Just because something comes from 
a plant and is considered natural doesn’t mean it can’t be harmful. 
The shrub oleander (Nerium oleander) can cause cardiac and 
neuronal symptoms“!, Wolfsbane (Aconitum) contains a fatal 
neurotoxin'*!, Castor beans contain the deadly toxin ricin. These are 
a few examples of the many plants that contain alkaloids and other 
toxic chemicals, which they use for environmental protection or to 
ward off bacteria, fungus, insects, birds, and mammals. That’s why 
these substances are in the plants. So, just because something is 
found naturally in plants, that doesn’t mean the plant is safe. The 
same is true of the compounds in marijuana. They are not there to 
get high. They are most likely in marijuana to ward off predators. In 
addition, the natural quality of weed can be tainted by unscrupulous 
growers who may use banned pesticides and other chemicals in the 
growing and processing of weed that can leave harmful 
contaminants®**"!, Natural doesn’t always mean safe. 


Myth 3. Weed is not a gateway drug to harder drugs. 

Not for most people, but it can be...in some people. Will it act as a 
gateway drug in you, maybe not. Might it happen to your friend, 
maybe! lls, 1, A seminal scientific study by Denise Kandel 
published in the journal Science in 1975 followed 5,498 students in 
New York from secondary school through post-graduation. The study 
defined 4 stages of progression from non-use of drugs to the use of 
harder drugs. These 4 stages are: beer/wine; to hard liquor/ 
cigarettes; then marijuana; then other illicit drugs. These are general 
stages. While some adolescents progress through the stages, many do 
not'!, with others stopping altogether. A 2020 study"! of adolescents 
from alternative high schools in southern California concluded that 
use of marijuana, tobacco, and alcohol may drive a greater latitude of 
acceptance toward substance use in general, which may accelerate 
the transition from gateway drugs to hard drugs. 


In a 2015 study of 6,624 people representative of the US population 
who started cannabis use before using any other drug it was 
estimated that 44.7% of individuals with lifetime cannabis use 
progressed to other illicit drug use at some time in their lives". 
Similarly, in a sample of 10,641 adults, representative of the general 
population in Australia, the authors noted “In particular, cannabis 
abuse and dependence were highly associated with increased risks of 
other substance dependence”), In addition, in a 25 year study 
following 1,265 New Zealand children, the authors found that 
“regular or heavy cannabis use was associated with an increased risk 
of using other illicit drugs, abusing or becoming dependent upon 
other illicit drugs, and using a wider variety of other illicit drugs”. 


Animal studies support the human studies, showing that THC can 
“prime the brain for enhanced responses to other drugs” © °” and 
this process may affect individuals differently. In a recent study in 
the journal Neuropharmacology, adolescent 6 week old rats of two 
different genetic backgrounds were given THC or saline for 4 weeks, 
and then the THC was taken away. Next, the rats were set up to self- 
administer heroin. One rat strain self administered more heroin if it 
was first pretreated with THC, whereas the other rat strain self 


administered less heroin'*”, suggesting that different people may be 
susceptible in different ways to other drugs later in life, depending 
on their unique genetic backgrounds and their exposure to THC as 
adolescents. 


Myth 4. There is not enough scientific study of marijuana. 
There are many common myths about marijuana, and one is that 
there has not been a lot of scientific study on marijuana and that we 
can’t make important life decisions until “all the facts are in”. That is 
false. There are currently over 35,000 publications about marijuana 
in PubMed, the public repository of medical and scientific 
publications, and that number grows every day. How many have you 
read? My guess is about zero. You are in luck, here is your chance. 
This book will make it easy. These publications describe the basic 
science of the effect of THC and other biochemicals found in weed on 
cells, tissues and organs, as well as more complex outcomes related 
to brain development, memory, cognition, behavior, psychological 
conditions such as psychosis, depression and anxiety, as well as 
societal effects of weed such as effects on education, employment, 
driving, and violence. Most areas of research in marijuana are 
growing robustly and there are many research groups committed to 
expanding the scope and depth of research. Do we need more 
scientific study of weed? Absolutely, especially well controlled 
population studies on the effects of weed on adolescents and brain 
development or studies on the true value of medical marijuana and 
CBD, beyond the hype. But do we know a lot about weed? Can we 
make informed personal decisions about our health based on current 
scientific knowledge? Absolutely. 


As legalization and decriminalization efforts around the 
world go forward, there is an increasing social belief that 
marijuana is very safe. 

It just ain’t so, Joe. In a 2019 study! from the University of California 
San Francisco of over 9000 people, scientists studied “statements of 
misinformation, for example, smoking marijuana has preventative 
health benefits, secondhand marijuana smoke or use during 
pregnancy is completely or somewhat safe, and marijuana is not at 


all addictive”. Forty-three percent believed “unsupported claims 
about marijuana”. They found that those people that had gotten 
information about weed from social media or the internet, the 
marijuana industry, or friends or relatives were more likely to believe 
any statement consistent with misinformation about marijuana. 
Other studies have also found an increasing belief in the public in the 


safety of weed in direct contrast to scientific and medical evidence” 
71] 


Industry Disinformation 

The flow of scientific information between business and 
industry and the general public is complex and multifaceted. 
The interpretation and presentation of scientific research can 
sometimes become bent. By and large, business and industry 
spokespeople are on the up and up, they speak the truth, or at 
least what they think is the truth. It is their job to 
enthusiastically promote their industry. However, as the Union 
of Concerned Scientists describes, there are times when 
“business interests deceive, misinform, and buy influence at the 
expense of public health and safety”'”!. Industry spokespeople 
can sometimes minimize the health risk to their industry's 
advantage at the expense of public health. Whether it is 
cigarettes and cancer in the 1950s and 60s, environmental toxins 
in the 70s and 80s, climate change in the 90s and 2000s, or 
unhealthy food...all the time; there is constant pressure from 
monied interests to promote their interests, and influence 
legislation for those who are paying the bills. The Cannabis 
industry is no different. With billions of dollars up for grabs, 
health risks are minimized by industry advocates and the 
science of health and cannabis can and will get distorted'”". It 
would be wise not to get health advice from Cannabis industry 
spokespeople or websites funded by the Cannabis industry. 


Weed Use Trajectories 

Scientists like to put things into categories. One useful way to look at 
the way people use marijuana is to put weed usage patterns into age 

trajectories'’*’”, How do different people use weed at different times 


over their life. None at all? Do they just use a little every now and 
then? Do they use a lot when they are young but it trails off, using less 
and less, eventually stopping? Do they use a lot regularly and keep at 
it? 

As shown in figure 2, in 2019 a Canadian research group reported a 
study!”! of 662 youth from age 15 to 28 in the Victoria Healthy Youth 
Survey. They identified 5 classes of weed users; abstainers, 
occasional users, decreasers, increasers, and chronic users. 


Figure 2. Latent classes of marijuana use from 15 to 28 years of age 
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Similarly, a research group at the University of Chicago studied!” 
over 1,200 9th and 10th graders and followed them over the next six 
years. They identified four trajectories of marijuana use from age 14 
to 23, Low, Medium, High, and Escalating. In the first three 
trajectories, marijuana use tapered off in the early twenties. 


In 2016 researchers from Wake Forest School of Medicine reported a 
study of 2,500 college students®” from eleven different colleges, and 
their cannabis use measured at six time points over their college 


experience. They identified five trajectories of cannabis use; non- 
users, infrequent users, decreasing users, increasing users, and 
frequent users. One finding was, “all four marijuana use groups 
reported significantly lower GPAs, on average, than non-users. Even 
students who used marijuana infrequently exhibited lower academic 
performance.” They concluded that, “Decreasing and frequent 
marijuana users were both less likely to be currently enrolled in 
college as of senior year and were less likely to plan to graduate on 
time, suggesting that students who frequently use marijuana early in 
their college career are most at risk of not completing college and 
delaying graduation.” This strengthened previous similar findings on 
the academic consequences of marijuana use®". 


Another group of scientists studied almost 6,000 young Swiss men'*”! 
with Cannabis Use Disorder at age 20, then accessed them again at 
21.5 and 25 years old. They were classified into four groups based on 
their usage of weed; stable-low (88.2%), decreasing (5.2%), stable- 
high (2.6%) and increasing (4.0%). As compared to the stable-low 
trajectory, the stable high and decreasing trajectories were associated 
with increased major depression severity, attention deficit 
hyperactivity disorder severity, antisocial personality disorder 
severity, poor relationship with parents, number of friends with drug 
problems, neuroticism-anxiety, and less sociability. 


Does your weed use fit into a trajectory? Do you stop using weed after 
the novelty has worn off? Think about it. Similar weed trajectories, 
described below, have been described for other life outcomes such as 
education and employment. 


Edibles 

Edibles are food products infused with marijuana or purified 
THC. Important things to remember about marijuana edibles 
are that they take a longer time to kick in than smoking weed, 
and the concentration and dosing may not be easy to figure out. 
With a joint you sort of know how much you are getting and how 
quickly it will take effect, not so much with an edible. Don’t eat 
an edible, then 30 minutes later say “hey...it’s not working...then 
eat more. That is a recipe for disaster.*?!, Jonathan Zipursky and 


colleagues at the University of Toronto suggest these 5 Things To 
Know About Edible Cannabis“! 


1.More than 40% of North American nonmedical cannabis users 
consume edibles. 

2.Edibles have a long latency period and duration of action.(Which 
means they take longer to affect you and may last longer) 

3.Unfamiliarity with edible dosing and difficulties in dividing edibles 
can result in unintentional overdose. 

4.Psychiatric and cardiovascular complications are more likely with 
edibles. 

5. Unintentional exposure to edibles is particularly dangerous for 
children. 


Poly-Substance Use 

Teens go to a party, or hang with their friends, maybe drink alcohol 
AND smoke weed, or do other drugs. Or maybe they are becoming 
addicted to vaping nicotine AND vape THC or smoke weed AND 
binge drink alcohol. You know this happens, I know this happens, 
everybody knows this happens. Bottom line is...bad plus bad equals 
really bad. 


In a recent study of almost 75,000 high school students in Canada, “of 
those who used substances, approximately half (53%) reported using 
two or more substances. E-cigarette vaping was most prevalent 
(28%), followed by current binge drinking (17%) and cannabis use 
(13%). 


In the scientific literature this is called Poly-Substance Use. There are 
multiple research studies reporting a link between mental health 
issues and other problems associated with poly-substance use. Many 
published reports have found that psychiatric symptoms, including 
depression and anxiety®**" are associated with increased risk of poly- 
substance use®!, 


An increasingly popular way to use both nicotine and cannabis is 
vaping through e-cigarettes, especially for adolescents and young 
adults. The lung injuries that have been associated with 
contaminants in vaping systems have been well documented"™!, As 


noted by the U.S. Centers for Disease Control and Prevention as of 
February 18, 2020, there have been a total of 2,807 hospitalizations 
including 68 deaths associated with E-cigarette, or Vaping, product 
use-Associated Lung Injury (EVALI)"*!. Vaping is a particularly potent 
way to get both nicotine and THC into your system. One in ten 
students reported ever vaping cannabis in a study of 2,835 high 
schoolers mostly between the ages of 14-18 years in North 
Carolina™!, a significant number of those students vaped nicotine as 
well. 


Other reports of harm related to cannabis and poly-substance use 
include cognitive function impairment”! with weed and alcohol, 
alterations of brain white matter integrity’® with cannabis and binge 
drinking, A special “Shout Down” (opposite of shout out) goes out for 
mixing weed, alcohol, or other drugs and driving”. In a recent study, 
traffic collisions tripled when drivers drove under the influence of 
both cannabis and alcohol as compared to either one alone”®, 


Thoughts about Medical Marijuana, Cannabinoids, and 
Pharmaceutical preparations of Cannabinoids. 

Although this book is not specifically about medical marijuana, here 
are some thoughts on that topic to help put that issue into 
perspective. There is mixed scientific evidence about the efficacy of 
medical marijuana™!. This includes early preliminary evidence for 
beneficial effects in sleep?! anxiety"!, appetite, neuropathic 
pain"®°3!, pain associated with cancer, spasticity in multiple 
sclerosis"™!, obsessive compulsive disorder"!, Tourette 
syndrome"! liver disorders"””?”!, headache"!, and nauseal!t?14I, 
among other conditions. In almost all cases, possible benefits occur 
at low doses or short term use while the potential for harm creeps up 
with high doses or chronic use. 


In many cases there are studies and systematic reviews that report 
negative results or harm for cannabis use in these same conditions; 
including depression and anxiety", sleep, and pain"?!, to name a 
few. In 2019 a systematic review of 1,972 scientific papers”?! on 
medical marijuana, emphasizing pain management, the authors 
concluded., “Many reviews were unable to provide firm conclusions 


on the effectiveness of medical cannabis, and results of reviews were 
mixed. Mild adverse effects were frequently but inconsistently 
reported, and it is possible that harms may outweigh benefits. 
Evidence from longer-term, adequately powered, and 
methodologically sound Randomized Controlled Trials exploring 
different types of cannabis-based medicines is required for 
conclusive recommendations. 


Most carefully controlled experimental scientific studies of cannabis 
for medical purposes do not use recreational marijuana in any form, 
such as smoked or edibles. The composition and concentration of 
cannabinoids in recreational marijuana varies widely. They simply 
add too much variability and noise in the data. Instead, the studies 
use standardized pharmaceutical grade synthetic or purified THC or 
CBD, or other cannabinoids, such as Dronabinol""*!; a chemically 
synthesized THC, Savitex"”!; a 1:1 mixture of THC:CBD, Nabilone!™”; 
a THC analog, or Epidiolex''*"; a purified preparation of CBD. Large 
population studies that aggregate data from many thousands of 
people may collect data from users who use different types of 
medical marijuana products or recreational marijuana, but this could 
introduce wide variation which tends to mess with the statistics. 
Going into a cannabis shop and buying some OG Kush bud for 
anxiety bears little resemblance to the THC or other cannabinoids 
used in carefully controlled studies. 


Having said all that, there are many compelling anecdotal stories of 
individuals obtaining benefit from medical applications of cannabis 
or cannabis products. Which gets back to how people are different. 
There is much more careful scientific work to be done. 


Chapter 5 


Biological, Biochemical, and 
Genetic Basics 


Tetrahydrocannabinol, THC and Cannabidiol, CBD; 
Tolerance to THC; Common Genetics and Weed; DNA: The 
Long Stringy Stuff; Four Important Genes; Epigenetics; 
Cytochrome P450s: Cannabis, Prescription Drug 
interactions and Metabolism. 


Tetrahydrocannabinol and Cannabidiol 

The main psychoactive chemical in marijuana is delta-9- 
tetrahydrocannabinol, also known as THC", It is a cannabinoid, a 
chemical found in cannabis. THC exists in the Cannabis plant for 
protection against attack from bacteria, fungi, viruses, and other 
creatures. THC is one of at least 113 other cannabinoids found in 
Cannabis"?!, When you smoke, eat, or vape weed, the THC is broken 
down, mainly in your liver, into over 100 metabolites, some of which 
are psychoactive or have other biological activities. It is then excreted 
in your feces and urine"”!, THC is not naturally found in your body. 
THC is responsible for the high from weed. It promotes dependence, 
impairs cognition, and is associated with hallucinations, paranoid 
ideas and psychotic disorders"). 


Figure 3. Molecular Structure of THC and CBD 





Cannabidiol or CBD"**! is the other major cannabinoid found in 
marijuana. It is remarkably similar in structure to THC", CBD is 
non-psychoactive, does not produce a “high”, and is being 
investigated for different therapeutic applications"”*!. It does not 
adversely effect cognition, and does not promote dependence. CBD is 
not associated with psychosis and may, in fact, have anti-psychotic 
properties"), The relative proportions of THC to CBD are different in 
different strains of weed and this ratio is important in medical 
applications'?”, The relative proportions of THC versus CBD ina 
Cannabis plant are in balance since they are made from the same 
molecular precursor, Cannabigerol!”*!, So the more THC a plant 
makes, the less CBD, or the more CBD, the less THC. Of course, in a 
prepared product like an edible or an extract, that ratio can be 
artificially altered. 


Generally, the many years of plant breeding of different strains of 
Cannabis sativa"! have maximized the concentration of THC over 
CBD, while strains of Cannabis indica"**! and hybrids between sativa 
and indica tend to have a more balanced ratio of CBD to THC. For 
example, the C. sativa strain Shangrila contains 22% THC and 0.05% 
CBD, while the hybrid Candida (CD-1) has 20% CBD and 1% THC. 


An important biochemical quality of THC as opposed to say alcohol is 
that THC is lipophilic; oily and soluble in fat...your fat, as opposed to 
alcohol which is soluble in water. You pee out alcohol within about 24 
hours, while you retain THC in your body, largely in your fat, from 4 


to 6 days"*, THC can be found in a urine drug test up to a month 
after use. So if you smoke weed regularly, you always have some THC 
in your system. Do you know what organ is 60% fat? Your brain. 


THC binds to receptors on the surface of cells in your brain and 
immune system called Cannabinoid Receptors"*!, CB1 (the gene is 
known as CNR1"**!) and CB2 (the gene is known as CNR2"**55), These 
receptors are a part of the endocannabinoid system, a natural 
biochemical pathway involved in many cell functions, very 
importantly in reward, motivation, sleep"**, and pleasure pathways 
centered on the neurotransmitter dopamine!” '°*!, Two natural 
compounds your body makes in the endocannabinoid system include 
anandamide"**! and 2-arachidonoylglycerol. These bind to 
cannabinoid receptors and signal biochemical pathways, including 
dopamine pathways in cells. THC hijacks the endocannabinoid 
system by binding to these receptors and competes with the 
anandamide found in your brain. In the short run, THC 
overstimulates the receptors and the endocannabinoid system, but 
when you use weed chronically, THC down-regulates CB1 receptors 
and blunts the dopamine response system!*?™9), 


This is key. Down-regulating the receptors and blunting the system 
means that using weed a lot makes the dopamine response system in 
your brain less responsive. This is part of the reason why chronic 
users get less of a high over time. This can lead some people to 
smoke more weed each time or cause them to switch to more potent 
cannabis strains to maintain a certain level of buzz'!. 


Dopamine is a very important hormone neurotransmitter”. 
Dopamine pathways are central to the many different effects of weed. 
For example, dopamine is involved in signaling cells to express 
complex gene programs. When neurons are triggered, say through 
the CB1 receptor, they release neurotransmitters, stimulating other 
neurons to produce dopamine, which travels to the next neuron, thus 
stimulating that cell. This creates a cascade of activation along 
neuronal pathways. Both the dopamine system in your brain and 
how THC hijacks and manipulates your dopamine pathways are 
complex. Dopaminergic pathways are involved in many important 


higher order brain functions, such as executive functions"*", 
appetite, learning, reward, emotion, pleasure, motivation, and 
neuroendocrine control!*!, Although study of these complex 
biological processes is ongoing, scientific evidence of the effects of 
weed on neuronal signaling continues to become clearer. 


Brain imaging and other studies show that chronic use of weed may 
alter multiple biochemical pathways, including dopamine signaling 
pathways, neuronal circuitry, and metabolism in the frontal cortex, 
dorsal striatum, nucleus acumbens, substantia nigra, ventral 
tegmental area,"*” “*!, and other regions of the brain". These 
regions of the brain are important in the mesocorticolimbic 
pathway"*° 4, a major dopamine pathway in the brain, also known 
as the reward pathway, influencing motivation, desire, and pleasure. 
These effects of cannabis on the brain occur in humans and is 
strongly supported by highly specific controlled studies in rats. 


Alteration of Dopamine pathways is a key feature of many of the long 
term negative effects of Cannabis. Weed may make you feel good for 
today and may lower today’s anxiety, but there is evidence that over 
time, chronic activation of Dopamine signaling pathways slowly 
blunts your Dopamine release pathways, contributing to an increase 
in negative emotionality”, dependence, addiction, increases in 
apathy", and increases in anxiety and depression. 


Tolerance to THC 

Tolerance to THC is what happens when you have a need for 
markedly increased amounts of cannabis to achieve the same high or 
a diminished effect with continued use of the same amount of 
cannabis. It is a neurobiological process that can occur with chronic 
use. It can be thought of as “building up a resistance to weed”, where 
you need more and more to get the same buzz. It occurs in humans 
and in test animals!“ * 15, Foundational scientific studies of 
marijuana tolerance in humans suggest that prolonged use of weed 
can reduce subjective and physiologic responses"! to cannabis 
intoxication. Tolerance to THC can be a milepost on the way to 
dependence. 


Common Genetics and Weed 

Many people in the general public think about the genetic risk with 
marijuana wrong and they run a big risk in getting it wrong. Itis a 
common misconception that the unfortunate few have the bad gene, 
thinking “I don’t have that gene, that’s not me, bummer for you!”. The 
media contributes to this misinformation since they very often use 
the wrong terminology, almost always reporting,” This person has the 
gene for this or that.” The fact is, most people have the same genes, 
pretty much, give or take. What’s important is we have different 
variants of the same genes, that is where the action is, gene variants. 


Here is the deal. For the purposes of this discussion, there are two 
types of human genetics. Rare single gene disorders with gene 
mutations having strong disease causing effects. (Think Huntington’s 
disease, Sickle cell anemia, Tay sachs disease, Dwarfism etc.) They 
are very rare, they can occur roughly from 1 in 1000, to less than 1 in 
100,000 people. That means it is very unlikely that anyone with these 
rare gene mutations works where you work or goes to your school or 
lives on your street. These mutations are fairly new in the human 
population, like up to hundreds of years old. This is the genetics of 
Gregor Mendel'**! or Mendelian genetics. As far as many health 
conditions are concerned, this is most likely not you. This is 
definitely not the genetics of substance abuse. The other type of 
human genetics, the important one in the case of weed, is the 
genetics of common complex quantitative traits’°”), This involves 
multiple genes with many variations with small disease effects, and 
interactions with environmental factors, such as weed. 


DNA: The Long Stringy Stuff 

Your DNA contains strings of nucleotides (A,T,C or G) which code for 
GENES. When needed, your GENES make different RNAs, RNA codes 
for PROTEINS which are made up of amino acids. PROTEINS are 
building blocks for things like enzymes, and structural proteins. 
PROTEINS do stuff, like control biochemical pathways or help build 
cells, organs and tissues. 


Genes have two names, the long formal name and the short gene 
symbol. It’s kind of like company names and their stock symbols, like 


Microsoft, (MSFT) or Apple, (AAPL). There are at least 12 important 
Genes that we know about, that have multiple common variants in 
the population that have been associated with cannabis disorders. 
There are certainly many more we don’t know about. These may 
make you respond differently to weed than the next guy or girl. It is 
most likely that you may have some of these gene variants. 
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These genetic variations in your DNA, involve single nucleotide 
polymorphisms (SNPs) These are single letter differences (A,T,C, or 
G) in the nucleotides in your DNA, shared within different ethnic 
groups. These are the type of variations that are tested for by the new 
direct to consumer genetic testing companies, such as 23andMe, or 
Ancestry.com, where you spit in a tube and mail it off. These variants 
are usually fairly common. Look to the left and look to the right, then 
look at yourself. Everyone you look at is carrying some of these gene 
variants. 


Each SNP is given a reference number or “rs number”, which stands 
for “Reference SNP cluster ID. They look like this: rs12345(X), where 


X is either A, T, C, or G. You can have an A, T, C, or Gin the DNA at 
each one of these positions. There are millions of these SNP variants 
all over the more than 3 billion nucleotides in your personal human 
genome; and so it is with everybody. But yet, we are still 99.9% 
identical in our DNA to the next random person and 99% identical to 
chimpanzees. Mind blowing, ain’t it! It’s one thing that makes you... 
you. Many of these SNPs do not result in a protein change. They can 
affect regulation of the genome in other ways, or just be hanging out 
silently. These variants are found in SNP genetic databases, such as 
SNPedial*!, 


What's in YOUR DNA? 

For the nerdy out there, I have included a link below to a list of 
all the 29 gene variants with some evidence of an association to 
Cannabis use, and a description on ways to research your 
genetic variants. https://whoadude-the-book.com/how-to-search- 
your-snps/ 

If you have taken a commercial DNA test, like Ancestry.com, or 
23andMe, it is possible to find out your nucleotides (A,T,C, or G) 
at the risk variants or SNPs for these genes. 


Unlike rare single gene mutations, these SNP gene variants are 
usually very ancient in the human population, like millions of years. 
We often share them with our closest primate ancestors"*!, Our own 
personal collection of these variants make each one of us a little bit 
different than the next person. Most common chronic medical 
conditions that are frequent in families involve multiple genetic 
variants of small effect related to complex traits. These conditions 
often have a range of severity, instead of yes/no. Things like Type 2 
diabetes, obesity, autoimmune disorders, many mental health 
conditions, and yes substance abuse. This health risk is not strongly 
genetically determined as it is in rare single gene disorders. The 
health risks related to common variants is greatly influenced by the 
environment through what are called gene-environment 
interactions. In this case environment doesn’t mean the outdoors... 
like trees and clouds and climate. It means what you eat, smoke, 
consume, get exposed to, and do. 


It’s important to know that having these gene variants doesn’t mean 
you are going to get the disorder, it means you might be predisposed 
to the disorder under certain circumstances. It means you...could get 
it if things don’t go your way, or if you don’t take care of yourself. 
These types of conditions all involve small genetic variants that 
interact over time with environmental factors, such as diet, exercise, 
infections, and things you ingest; like weed. You have a say in the 
process, you can’t control your genetics, but you can control the 
environmental triggers, such as substances you consume. All people 
carry some of the variants of genes that little-by-little contribute and 
add up to complex health risk, since they are important in many 
different medical contexts. This means you. 


The gene variants important in health risks in marijuana are not in 
your genome because of maryuana. These human gene variants have 
generally been positively selected through evolution and are related 
to things like personality, pleasure, mental health, impulsivity, pain 
response, memory, cognition, and normal complex brain functions. 
The functions of most of the variants are still unknown. Marijuana 
hijacks the gene variants that you have and may contribute to your 
individual weed related health risk. Weed is a gene variant hijacker. 


Impulsivity and Gene Variants: Is it a Deer or is it a Saber 
Toothed Tiger? 

The ancient gene variants, or SNPs, that marijuana influences 
are notin your genome because of marijuana. They are there for 
some other ancient, often out of context reason. It’s true for 
many common gene SNPs. Take impulsivity for instance"! The 
CNRI1 gene variants, rs2023239, rs1049353, rs806368, which 
marijuana hijacks, may have an influence on being impulsive?™. 
Say you are a cave man or cave woman 50,000 years ago". You 
are snoozing in the cave with your clan. You hear a rustling 
outside. You impulsively jump up to investigate. Your more 
cautious, less impulsive friend Grog keeps snoozing. Is it a deer 
or a Saber toothed tiger? If it is a deer, you could feed your clan 
for a week (and your genes might get passed on, Woo Hoo!). If it 
is a Saber toothed tiger, it might eat you. (Bummer dude, it was a 


Saber toothed tiger). Flash forward 50,000 years. In a modern 
context, you and your less spontaneous more cautious friend 
George are at a party. Someone says, “try a hit of this killer Bro 
Grimms Cinderella 99 bud”. You say, thank you mama!. Your 
friend says, no thanks...I’m cool; Impulsivity? Could be due to 
something random, could be related to gene variants, out of 
evolutionary context. Impulsivity gene variants play out in many 
aspects of life. 


If you or a relative, like a brother, sister, parent, cousin, aunt or uncle 
has a problem with substance abuse, including alcoholism, or mental 
health issues such as bipolar disorder, depression, anxiety, or 
schizophrenia, there is a very good chance some of these common 
small-effect risk gene variants found in complex traits related to 
brain function are carried in you, your family, or your kids, and are 
just hanging out doing their normal job. 


A 2020 study in the journal Psychological Medicine reported that 152 
gene variants"?! were simultaneously shared by both substance use, 
including cannabis, and psychiatric disorders including; ADHD, 
anorexia, bipolar disorder, major depressive disorder and 
schizophrenia. And again, these variants, which typically cause tiny 
effects and usually have unknown function, don’t give you a disease 
or condition. They may predispose you to a condition. They also may 
impart positive attributes. That is usually why they have evolved, or 
they may increase your risk for different health conditions in today’s 
world, accelerated by environmental factors...like weed. Your friend 
or the guy down the street, may not have these gene variants and 
they might be able to smoke a big spliff every day, no problem, but 
you...not so much. 


Four Genes important in susceptibility to Cannabis 


Cannabinoid receptor 1—CNRI 

The Cannabinoid receptor 1"** '™! is a protein receptor in the 
endocannabinoid system found on the surface of cells in the brain 
and central nervous system, as well as other cells and tissues of the 
body. The gene that encodes this receptor goes by the initials CNR1, 
whereas the protein product goes by CB1. THC binds to CB1 and 


signals the dopamine pathway and other important biochemical 
pathways. The gene CNR1 has over 16 different genetic variants in 
the population. The effects of most of these different forms are 
unknown, and many will be benign, normal variants with no or little 
effect. However there are some variants of CNR1 that can make you 
susceptible to cannabis dependence while the alternate type at that 
position may protect you against harmful effects. Hopfer and 
colleagues"! reported that the common variant rs806368"! “was 
significantly associated with cannabis problem use” in the people 
they tested. There is evidence that at least three of the variants in 
CNR1 (rs806368(C), rs1049353(A)and rs1049353(G)) work together in 
complex ways to influence your health of a number of conditions like 
susceptibility to cannabis"®”!!, alcohol", nicotine", cocaine 
addiction” 1”), obesity"”!, anger-hostility"”!, impulsivity"*!, and 
even PTSD"”, Some studies have not found any associations with 
cannabis use!’””, More work is needed to nail down what is going on. 


The risk variants for cannabis use and CNR1 SNP rs806368 is C/C, and 
for rs1049353 is C/C. This is a weak association at best and may vary 
in different ethnic groups. Iam personally type T/T at the SNP 
rs806368, and C/C at rs1049353; which is weakly associated with 
cannabis susceptibility risk. 


Catechol-O-methyltransferase—COMT 

The neurotransmitter dopamine is broken down by the enzyme 
catechol-O-methyltransferase or COMT"”!, The neurotransmitter 
dopamine is involved in many important aspects of neuronal and 
brain functions including pleasure and reward motivated 
behavior"*”, Everybody has the COMT gene, its just that different 
people have different versions or variants of the COMT gene. Some 
versions are found more often in people with risk for different 
conditions such as depression, bipolar disorder, ADHD as well as 
cannabis use neuropsychological impairment"* '”!, One of the many 
variants of COMT, with official designation rs4680, can code for 
either the amino acid Valine (VAL) or Methionine (MET) at amino 
acid position 158 in the COMT protein. This is coded for by either a G 
or an A nucleotide in your DNA. Since you carry two copies of each 


gene, one from mom and one from dad, you can be one of three 
posibilities at this position; G/G nucleotides coding for VAL/VAL 
amino acids; or G/A and VAL/MET or A/A coding for MET/MET. MET 
carriers have less of the enzyme COMT and therefore dopamine is 
broken down more slowly in their prefrontal cortex in the brain, 
than VAL carriers, resulting in higher levels of dopamine. This 
VAL/MET variant of COMT is the basis for the well known 
Warrior/Worrier phenotype". Interestingly, the VAL COMT variant 
has been shown to be increased in mixed-martial arts fighters!®”. 
The risk variant for cannabis and COMT SNP rs4680 is G/G. This G/G 
risk form is found in about 30-50% of the general population 
depending on ethnic origin"*”. I personally am A/A, coding for the 
amino acids Met/Met for COMT variant rs4680, the worrier 
phenotype (big surprise), higher dopamine levels, not associated 
with bad outcomes in cannabis use. 


In a study in 2005, researchers at King’s College London noted that, 
“Cannabis use in adolescents was associated with increased risk of 
schizophrenia related disorders in adulthood among COMT 
Val158Val individuals and, to a lesser extent, among Met/Val 
individuals but not among Met/Met individuals’!*". 


Depending on what ethnic group you are related to, about 30-50% of 
people carry the risk form, VAL/VAL and 30 to 50% carry the medium 
risk form VAL/MET. Only ~8-24% of people carry the low risk form. 
So, when you think pot and genetics, don’t think “that’s not me”, 
instead think “that could be me”. Bad outcomes have been associated 
with COMT at the rs4680 position and cannabis use in multiple 
studies®? 16-186], 


Dopamine receptor D2—DRD2 

Dopamine receptors"®” 18 18°, 1° are a family of proteins found on the 
surface of neurons and other tissues that are involved in the complex 
signaling of dopamine”, the neurotransmitter that is central to 
cognition, memory, reward and pleasure pathways and other 
biological processes. Gene variants in dopamine receptors have been 
associated with ADHD, pathological gambling, schizophrenia, as well 
as drug and alcohol abuse, among other things. Strangely, dopamine 


receptors have been shown to be important in vomiting" (see 
Chapter 9). Dopamine receptors are also the target of antipsychotic 
medications such as risperidone and haldoperidol. 


There is emerging and conflicting evidence that gene variants of 
DRD2 are associated with cannabis abuse"’™”!. The main effect of 
DRD2 genetic variants may be on a general susceptibility to 
psychosis, while cannabis kicks that susceptibility into high gear. A 
study from King’s College London in 2015 of 758 individuals showed 
that a variant, rs1076560, of the DRD2 genotype may modulate the 
psychosis inducing effect of cannabis use"*?!, For this variant of 
DRD2, the high-risk form is T and the low-risk form is G. (So you can 
be T/T, T/G, or G/G). Healthy individuals carrying the T form of this 
DRD2 variant did have an increase in schizophrenic like behavior, 
called schizotypy, as compared to both cannabis users and non-users 
who had the G/G. But daily cannabis users, with the T variant had a 5- 
fold increase in the odds of psychosis compared to G/G carriers. This 
DRD2 variant is also associated with an increased risk of 
alcoholism"), 


Iam personally a G/G for DRD2 variant rs1076560, the low-risk 
variant. The T/T version of this variant for DRD2 is not very frequent 
(<2 %) in people of European descent, but is higher in Asians and 
people of Mexican ancestry""!. 


Another important gene variant for Dopamine Receptor 2 or DRD2, is 
rs6277, also referred to as C957T, which results in an amino acid 
change in the protein. Although it is controversial”, there is 
evidence that this variant may be involved in brain executive 
function and working memory"*” '*!, as well as associated with 
neuroticism, risk taking, and schizophrenia!™!. A study in 2012?! 
found evidence that this variant, DRD2 rs6277 interacted with 
variants in the PENK gene to influence neuroticism which in turn 
resulted in a 9-fold increase risk for cannabis dependence. 


CC is the risk genotype for DRD2 rs6277 for schizophrenia, and 
possibly for neuroticism. It is found at a frequency of 17.5% in people 


with Northern and Western European descent as studied in Utah, and 
in considerably higher frequency in Asians?™, 


Fatty-Acid Amide Hydrolase 

Fatty-acid amide hydrolase (FAAH)”™! is a protein enzyme in cell 
membranes that breaks down molecules such as the two signaling 
molecules that normally bind to the CB1 cannabinoid receptor, 
anandamide and 2-AG. FAAH is involved in the regulation of pain?! 
and stress”'5!, Laboratory mice that lack the FAAH gene show a 
reduced sensitivity to pain?™!, 


A recent report?” described a woman with a DNA mutation in the 
FAAH gene that resulted in a reduced amount of FAAH protein, 
making her insensitive to pain, such as pain due to frequent cuts and 
burns. This was due to an inability to degrade anandamide. 


FAAH has been studied in relation to cannabis and substance abuse 
and the endocannabinoid pathways found in the brain and other 
tissues. A study from 2002 showed that for the FAAH variant 
18324420, a 4.9 times higher risk of combined street drug use and 
problem drug/alcohol use in carriers of the A/A type than non- 
carriers. They also demonstrated that this variant, when examined 
experimentally, produced an FAAH enzyme with significantly 
increased sensitivity to protein degradation?™. 


Additional studies have shown other aspects?! of FAAH in the 
context of cannabis”; including Cannabis Use Disorder®™®?”), 
craving?”*1l and withdrawal?” as well as new approaches for 
treatment”), The studies on FAAH are complex and more work 
needs to be done to further define the role of this enzyme and its 
genetic variants and the relationship to cannabis use. 


The high-risk variant for FAAH rs324420 is A/A. The rs324420 A/A risk 
variant is found in about 4-15% of the population depending on 
ethnic origin”"“!. I personally am type C/C at the FAAH variant 
18324420, which does not confer risk for drug use. 


Genetics is complicated. Some investigators do not find similar 
associations with cannabis and these gene variants! or the same 
researchers don’t consistently find associations among different 


population groups for the same gene variants”, We only know a 
little about a small number of genes. We don’t know very much at all 
about the rest of the over ~23,000 genes in your genome. There are 
almost certainly genes that affect your response to drugs and your 
psychological well-being that we know nothing about. 


There are other aspects of your genome biology related to genes that 
can be affected by cannabis such as epigenetics, chromatin, and 
metabolism. 


Epigenetics: why it’s both interesting and important. 

Epi- is from the Greek for “upon or above”. Epigenetic processes!” 718 
“191 can modify the letters of your DNA; your A,T,C, and Gs, without 
actually changing out the letters. Scientists are learning more and 
more about how DNA can be altered without directly changing the 
letters of your genetic code. These modifications can affect gene 
regulation, non-coding RNA levels, or change chromatin?”!; how the 
DNA is packed into tight coils. One important example of epigenetics 
is called DNA methylation, where a methyl group (one carbon and 
three hydrogens) is added to the nucleotide C by enzymes, to make 
methyl-C. These patterns can change at many places in your genome, 
and they can occur due to many different factors; such as exercise, 
aging, and disease but also with drugs. including cannabis. These 
patterns can change how your genes are turned on and turned off, 
how much RNA is made from a gene, and subsequently how much 
protein is made. These patterns may change back to their original 
state, but the amazing thing is that they can be inherited without 
changing the basic sequence of your A, T, G, or Cs! What that means, 
is that you can alter your DNA (or the DNA of a fetus if you are 
pregnant), which can affect your gene function, and it can be passed 
on to your kids, all without having what is thought to be a classical 
genetic predisposition. The effects of epigenetic changes in the 
offspring of mothers that used cannabis and other drugs in utero was 
recently reviewed for both humans and in supporting animal 
studies*)?”"l It is very early days in the study of epigenetics in general 
and epigenetics and cannabis use. Much scientific study needs to be 
done, but the implications of epigenetics are vast. 


Cytochrome P450s: Cannabis, Prescription Drug 
Interactions and Metabolism. 

Your liver is the organ that metabolizes and breaks down toxins or 
natural compounds to be reused or excreted. A major way this 
happens is through a superfamily of protein enzymes in the liver 
coded for by 57 genes called the cytochrome P450s***!, They go by the 
symbols, CYP1A1, CYP1A2, etc. Different variants of these genes 
determine whether someone is a fast or slow metabolizer of various 
prescription drugs. The rate of drug metabolism in the liver alters the 
effective level of those drugs in the blood. Most people don’t know 
the status of their individual CYP gene variants and whether they are 
fast or slow metabolizers of a particular drug. Your CYP profile can 
impact the way that THC is metabolized in the liver®** **5 61, What 
that means is that if you take a hit of weed, it might stay in your 
system a lot longer than in your friends system. 


Importantly, cannabinoids can also change the levels or activities of 
cytochrome P450 enzymes and thus can affect the way and the rate 
that these enzymes break down prescription drugs you may take. You 
may think you are taking a certain amount of a prescription drug, but 
due to the affect of cannabinoids and your CYP gene variant status, 
the concentration of that drug in your blood may vary widely. This 
may alter the way that the drug treats the condition for which you 
were taking the prescription drug in the first place. 


THC increases the levels of the enzyme CYP1A2. This can 
theoretically decrease blood concentrations of a number of common 
prescription drugs, such as clozapine, duloxetine, naproxen, 


cyclobenzaprine, olanzapine, haloperidol, and chlorpromazine®* ** 
226] 


CBD is a potent inhibitor of the liver enzymes CYP3A4 and CYP2D6. 
CYP3A4 metabolizes about a quarter of all drugs. CBD may increase 
blood concentrations of macrolides, calcium channel blockers, 
benzodiazepines, cyclosporine, sildenafil (Viagra), antihistamines, 
haloperidol, antiretrovirals, and some statins. CYP2D6 metabolizes 
many antidepressants, so CBD may increase blood concentrations of 
SSRIs, tricyclic antidepressants, antipsychotics, beta blockers and 


opioids”, Also, the use of cannabinoids may alter the level of 
warfarin”, affecting blood clotting; theophylline, affecting asthma; 
clobazam, affecting seizures; and valproate affecting seizures and 
bipolar disorder, among other drugs®”*!, 


Chapter 6 
Brain Stuff 


Brain Development and Marijuana; Brain Imaging, 
Cognition, Memory, and IQ 


The human brain is generally thought to be the most complex organ 
in the human body”*!, Dolphins’**! and elephants also have complex 
brains and, in fact, have bigger brains than we do, so don’t go around 
being all superior and such. The brain consists of the cerebrum (the 
big gray part with all the folds), the brainstem (the knob that attaches 
to the spinal cord) and the cerebellum (the gob stuck on the back). 
These three parts and the spinal cord make up the central nervous 
system. Each main part of the brain has many subregions and 
structures, which have specialized functions and specific jobs. Then 
you have all the nerves and related things that run to and from the 
brain and spinal cord to all your organs and muscles. That’s your 
peripheral nervous system. 


From the instant a human egg is fertilized, development begins in 
utero and unfolds a complex program of genes being turned on, cells 
dividing, complex tissues and organs being built, and connections 
being established between systems within the body. That process 
rolls on unabated after birth and continues through childhood and 
adolescence into young adulthood*", A major and essential part of 
that process is brain development?” **3 41, Brain development is a 
stepwise process that builds individual parts, such as the 
hippocampus, prefrontal cortex, and the medula oblongata, with 
over 86 billion neurons, and creating neuronal connections through 
dendritic and axon growth, synaptogenesis’*> **|, arborization®*” and 
many other complex processes. The creation of connections between 
neurons in the brain is driven by experience and learning. The 
process continues through adolescence into young adulthood until 
around age 24. An important late-stage phenomena, which occurs 


well into our early 20s, is synaptic pruning, in which unneeded 
neuronal connections are trimmed away, resulting in the mature 
brain?**!, 


REMEMBER THIS: BRAIN DEVELOPMENT IS A PROGRAMMED 
STEPWISE PROCESS THAT DOESN’T STOP. IF YOU SCREW IT UP, 
THERE IS NO GOING BACK. NO DO-OVERS. 


Brain Imaging 

The study of brain development considers how the brain grows in 
volume and complexity, and looks at it functionally. One way to study 
brain structure and function is with imaging technologies such as 
magnetic resonance imaging (MRI)®*!, computed tomography 
scanning (CT)"*", and fMRI (functional magnetic resonance imaging) 
41 These imaging tools produce and measure 2D or 3D images of 
size or volume of regions of the brain that you can then compare 
under different conditions. {MRI produces images based on relative 
activity of brain regions based on blood flow or energy usage. Quite 
often these images highlight regions to count pixels on images. These 
numbers are converted to colors on the computer, which correspond 
to regions of high or low brain activity. 


There has been conflicting data on whether weed changes the 
volume or function of brain structures. However, as technology and 
analytical methods have improved, imaging-based evidence of 
alterations in the brain is accumulating’ **, Early CT scanning of 
chronic cannabis users did not show evidence of structural 
alterations in the brain. However, early CT machines had a limited 
ability to get data from soft tissue. Using more recent imaging 
approaches, multiple independent groups have documented atrophy 
in the hippocampus and parahippocampus associated with chronic 
cannabis use***"!, A brain imaging study”! in 2015 from Harvard, 
the University of Cincinnati and the University of Wisconsin tested 59 
young adults between the ages of 18 and 25, and demonstrated that 
marijuana users had significantly smaller medial orbitofrontal cortex 
(mOFC) volumes (that’s in the prefrontal cortex) and inferior parietal 
volumes. The inferior parietal lobule”*" of the brain is involved in the 
perception of emotions in facial stimuli, interpretation of sensory 


information, language, mathematical operations, and body image. 
These authors”! concluded that “smaller mOFC volumes among 
marijuana users suggest disruption of typical neurodevelopmental 
processes associated with regular marijuana use for both (males and 
females)”. 


In other studies, a meta-analysis of multiple neuroimaging studies in 
healthy volunteers from King’s College London consistently showed a 
smaller hippocampus in cannabis users as compared to nonusers”™), 
while an MRI study from Australia showed no effect on cortical 
regions due to cannabis use”*"!, A preliminary positron emission 
tomography (PET) study from 2020 compared people diagnosed with 
cannabis use disorder versus healthy controls, and showed lower 
synaptic density in people with cannabis use disorder”). 


Cognition, Memory, and IQ 

Does THC mess up your ability to think, reason, and remember 
things? How are these cognitive process affected while you are high? 
And how are they affected in the long run, with chronic heavy 
marijuana use? Recall that in Chapter 4 I introduced cannabinoid 
receptors, which bind THC. These receptors are widely distributed in 
the brain, including in areas that influence cognition, thinking, 
motivation, attention, decision-making, and memory, known 
collectively as executive functions. Cognition, memory, and IQ are 
considered complex higher order activities of the brain. Emerging 
and conflicting evidence in both humans and animals suggest that 
weed can affect these essential executive functions” *°*, which are 
important in normal activity in the brain. 


Thinking about things and processing information are known as 
cognition. It is the mental action of acquiring knowledge, solving 
problems, and gaining understanding through thought, experience, 
and the senses'°”!, Six types of cognitive processes are attention, 
perception, memory, use of language, learning, and higher 
reasoning. 


Cognition is malleable, meaning it can change, due in part to 
neuroplasticity”*!. Neuroplasticity is the ability of the brain to form 


and reorganize synaptic connections, especially in response to 
learning or experience or following injury. There is evidence that 
many things may affect cognitive processes for the better or worse. 
Some examples of things that may improve cognition in humans for 
the better include, moderate physical exercise”!, regular fish 
consumption”, balance training’, coffee (interestingly including 
decaf coffee'’*!), and memory training for older adults?!, 


It is well known that cognitive decline can be a problem as we age?™), 
But, cognition may take a hit at younger ages due to things we do (or 
don’t do), environmental factors we are exposed to, and things we 
consume. Examples include, alcohol abuse”®!, air pollution”, 
cardiovascular problems”°”, high blood pressure”®*!, cancer?™!, 
cocaine?”!, and cannabis"° 27) 27, 


The effects of marijuana on cognition may be small and are related to 
how heavy a user you are and how early you start. The good news is 
that if you stop, those effects appear to be reduced. In a meta-analysis 
of cannabis and cognitive functioning in adolescents and young 
adults, in The Journal of the American Medical Association-Psychiatry, 
Scott and colleagues noted, “results indicated a small overall effect 
size for reduced cognitive functioning associated with frequent or 
heavy cannabis use’, as well as, “continued cannabis use may be 
associated with small reductions in cognitive functioning, results 
suggest that cognitive deficits are substantially diminished with 
abstinence””!, Similarly, In a two year study from the University of 
Minnesota, following 26 heavy cannabis users and 29 non-users ages 
18-19 it was found that users “demonstrated weaknesses in verbal 
learning and memory, spatial working memory, planning, and 
decision-making relative to non-using demographically matched 
controls?”!, 


Cognitive problems are associated with heavy and frequent 
marijuana use, but tend to resolve with prolonged abstinence”®’> ?*”, 
These studies and others”’’***! provide compelling evidence that 
weed can negatively affect cognition, attention, and other executive 
functions in adolescents, but stopping cannabis use can mediate 
those effects. 


While the studies described above are about teenagers and young 
adults, both people in mid-life'**! and older individuals may have 
cognitive effects due to cannabis as well. In a recent survey”! of 
14,678 people 50 years of age or older in the United States it was 
stated that “Older marijuana users reported worse cognition 
compared to never and former users” and “Greater duration and 
frequency of past use were associated with worse cognition” as well 
as declines in executive function and attention. 


Cannabis, Multiple Sclerosis, and Cognitive Decline 

The medicinal use of cannabis to treat the symptoms of multiple 
sclerosis provides an interesting example of the effects of 
cannabis on cognition. Cannabis has been shown to help in 
treating spasticity and pain associated with multiple sclerosis”*", 
although some studies find little effect'*”. However, there is 
increasing evidence that cannabis can negatively affect 
cognition in MS patients. People with MS are a well-monitored 
group of patients, since they are seen frequently by a neurologist 
who looks at their changes in brain function over the course of 
their disease, often using MRI or cognitive tests. These tests 
often commence before cannabis is prescribed, since the 
monitoring was initiated due to the diagnosis of MS. Thus, it is 
possible to compare structural and functional changes in the 
brains of MS patients before and after cannabis use. A study in 
2011"**! from the University of Toronto of cannabis use in 
multiple sclerosis patients showed that “cannabis users 
performed significantly more poorly than MS patient nonusers 
on measures of information processing speed, working memory, 
executive functions, and visuospatial perception. They were also 
twice as likely as MS patient nonusers to be classified as globally 
cognitively impaired.” In contrast, a recent report by the same 
group showed that MS patients using cannabis show significant 
improvements in memory, processing speed and executive 
function after 28 days of drug abstinence*!, Other reports have 
described cognitive decline and other problems, including 
depression”! and earlier age of onset", in multiple sclerosis 
patients that use cannabis for pain management.””**! Thus, 


cannabis induced cognitive decline may be a window on 
cannabis induced cognitive decline in general. 


Memory 

There is a lot more to memory” **?! than just remembering things. 
Aspects of memory include explicit memory, implicit memory, 
prospective memory, semantic memory, episodic memory, short 
term or working memory, and long term memory. Explicit memory 
refers to all memories that are consciously available, like where you 
left your car keys. Implicit memory refers to the use of objects or 
movements of the body, like how to ride a bicycle. Episodic memory 
is related to specific events in time, like remembering when you went 
to the prom. Semantic memory is the ability to recall words, 
concepts, or numbers. Prospective memory has to do with 
remembering something you are planning to do. Most people are 
familiar with short-term or working memory and long term memory. 


The title of a 2018 study”! from Harvard Medical School that 
reported on adolescents and young adults that used cannabis 
regularly, says it clearly: “One Month of Cannabis Abstinence in 
Adolescents and Young Adults is Associated with Improved Memory”. 


Figure 4. One Month of Cannabis Abstinence in Adolescents and Young Adults is 
Associated with Improved Memory. 
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In this study, eighty-eight cannabis users were tested in seven visits 
over 4 weeks. Sixty two quit cannabis and twenty six continued to 
smoke. Cognitive tests and urine samples for THC were taken weekly. 
Improvement in memory was found in the quitters as seen at 1 week, 
and was maintained for the 4-week testing period. There was no 
improvement in the cannabis users who continued to smoke. The 
authors concluded that the study “provides convincing evidence that 
adolescence and young adults may experience improvements in their 
ability to learn new information when they stop using cannabis”. 

This corroborated other studies on cannabis and memory, 


Multiple working memory studies have been performed with 
functional magnetic resonance imaging (fMRI) in people using 
cannabis fMRI detects changes in blood flow in the brain when a 
brain region is activated®”, With a few exceptions®™ °°, the majority 
of these studies found altered regional activation in individuals with 
cannabis during working memory tasks. These included lower brain 
activation than non-weed users in the right precentral gyrus®™!, right 
hippocampus®”!, bilateral middle frontal right dorsolateral 
prefrontal cortex, and occipital cortex, In addition, greater 
activation was seen in cannabis users in brain regions including the 
bilateral superior, middle and inferior frontal gyrus, and over 20 
other brain regions'°’*!, There is evidence that alterations in 
working memory as measured by fMRI may be related to frequency 
of use of weed®"!, 


Improvement in Memory? 
Can cannabis actually improve cognition or memory in some 
cases? Interestingly, the study mentioned above from the 
University of Minnesota demonstrated relative strengths in short 
term speeded tasks?”!. Other reports describe an improvement 
in cognitive tasks with cannabis®*3"!, There are also emerging 
studies in animals that report an improvement in memory *1! 
in old animals with low dose THC treatment. 
Other types of memory has been studied in the context of THC and 
cannabis such as episodic memory, which is related to memories in 
time sequence, like what happened three days ago," and episodic 


foresight®"* °°! which is the ability to project what will happen in the 
future. A 2012 study of 20 cannabis users versus 20 non-users 
reported that long-term cannabis users exhibit deficits in prospective 
memory and executive function?™”. 


Weed and False Memories 

While weed has been shown to affect memory in general, it has 
also been shown to create false memories®"”**!*"!, This may have 
implications in many aspects of life, but in particular it could 
have serious ramifications in the context of the questioning of 
victims and suspects in criminal cases. A significant number of 
individuals when first encountering law enforcement are under 
the influence of drugs or alcohol. It has long been known that 
memory in eyewitness accounts is error prone, but when 
layering on the influence of weed, it could make matters 
worse!™* 5], In 2020, Kloft and colleagues!” performed a 
controlled study, using eyewitness and perpetrator scenarios 
with virtual reality, finding “that cannabis consistently increases 
susceptibility to false memories”. This was for both immediate 
and delayed recall. The authors state, “the results have 
implications for police, legal professionals, and policymakers 
with regard to the treatment of cannabis-intoxicated witnesses 
and suspects and the validity of their statements.” 


IQ 

What is IQ or Intelligence Quotient? IQ is a score determined from a 
series of standardized tests that are used to measure intelligence!” 
Does weed affect your IQ? Is the phrase “Let's get stupid” really true? 
Although the many aspects of IQ are complex, there are multiple 
studies that report evidence that smoking weed can affect IQ®*33", 


Madeline Meir and colleagues®*!, publishing in the Proceedings of the 
National Academy of Sciences in 2012, analyzed the Dunedin 
Multidisciplinary Health and Development Study, a longitudinal 
investigation of the health and behavior of a complete birth cohort of 
consecutive births between April 1, 1972 and March 31, 1973, in 
Dunedin, New Zealand. This included 1,037 individuals followed 
from birth to age 38. Neuropsychological testing was done at age 13 


before cannabis use started and again at age 38. Cannabis use was 
determined in interviews at ages 18, 21, 26, 32, and 38 years old. The 
authors noted, “the most persistent adolescent-onset cannabis users 
evidenced an average 8-point IQ decline from childhood to 
adulthood.” “Persistent cannabis use over 20 years was associated 
with neuropsychological decline, and greater decline was evident for 
more persistent users. This effect was concentrated among 
adolescent onset cannabis users.” 


Another study looked at the long term effects of cannabis use while 
pregnant on the IQ of children. Researchers at the University of 
Pittsburgh followed 668 offspring from mothers who smoked 1 or 
more marijuana cigarettes per day. They reported that prenatal use 
of marijuana by the mother led to children that “had lower 
intelligence test scores at age 6 than their non-exposed peers.” 
However, findings that cannabis can affect IQ are controversial, with 
some authors questioning previous analytical approaches or do not 
find an IQ lowering effect!*** 3), 


Cognition, memory and executive function have also been studied 
extensively in prenatal, adolescent, and adult animal models in the 
context of cannabis. Animal models using cannabinoids, especially 
in rats, are very informative since it is possible to test behavior and 
the brain directly. There are currently over 45 published papers on 
the effects of THC and cannabis on cognition, memory or executive 
function in animals. These studies permit the focused use of 
different doses and specific forms of cannabinoids and a wide range 
of tests used to measure brain and behavior. These studies generally 
identify cognitive and memory deficits due to cannabis 343 as is 
found in human studies; although some do not!*> *4), 


A study from Indiana University” in 2017 showed that chronic 
adolescent THC treatment of male mice led to long-term cognitive 
and behavioral dysfunction and impairment of working memory. 
Interestingly, these effects could be prevented with co-treatment with 
cannabidiol (CBD). In addition, adult administration of THC did not 
cause cognitive deficits. 


A recent study'**! of prenatal exposure to THC in male rats showed 
that the formation of aspects of memory was impaired and the 
development of alcohol-addictive behaviors was promoted. This 
study expanded upon other observations®*? in animal studies on the 
negative effects of cannabinoids on offspring of cognition and 
behavior. 


As you think about the effects of cannabis use on cognition, memory, 
remember the BIG FOUR: how early, how often, how much, and 
how strong. 


Chapter 7 


Cannabis and the Risk of 
Mental Iliness 


Psychosis and Cannabis Induced Psychosis; Paranoia; 
Schizophrenia; The two biggest things about Weed and 
Schizophrenia; The Chicken or the Egg problem; Depression, 
Anxiety and Bipolar Disorder, Distress Tolerance and 
Cannabis. 


Psychosis and Cannabis Induced Psychosis 

The strongest and most consistent evidence of harm when using 
marijuana in some people, especially adolescents, is related to 
psychosis®*° 9" and schizophrenia!® '” >: 3531, Psychosis is a serious 
psychiatric condition in which someone has problems understanding 
what is real. Symptoms of psychosis include paranoia, delusions, 
hallucinations, difficulty concentrating, agitation, and withdrawal 
from family and friends, among other symptoms'** *°!, Psychosis can 
be acute and may resolve for the better, as often occurs in cannabis 
induced psychosis®°*5”!, or it may become chronic and may not 
resolve. There are many causes of psychosis. Psychosis is often a 
defining characteristic of schizophrenia or bipolar disorder, but also 
can be caused by some prescription medications, sleep deprivation, 
or certain neurological disorders. Psychosis is sometimes a feature of 
alcohol abuse or drug abuse, including weed. 


First episode psychosis is the term used when a person experiences 
psychosis for the very first time and is seen by a physician. When it 
happens, there are a lot of questions. What behavioral events 
preceded the psychosis? Is there a family history of psychosis or 
other psychological disorders? Is there a history of alcohol or drug 
abuse? Is this going to be a “one off?” Is this cannabis induced 
psychosis, or might this progress to schizophrenia? 


Cannabis induced psychosis®*"! is a clinical diagnosis having criteria 
that distinguishes it from other forms of psychosis, including 
schizophrenia'***°!, These criteria include a positive urine test for 
THC and heavy cannabis use in the last month. Hallucinations and 
paranoid thoughts are more organized and sequential than ina 
primary psychosis, symptoms only occur during heavy cannabis use, 
and symptoms are reduced with abstinence. Typically, symptoms are 
generally short-lived and total remission often occurs. However, 
other times the psychosis of cannabis induced psychosis may persist 
or ultimately be diagnosed as schizophrenia. 


In 2019, Marta Di Forti and coworkers reported in the journal Lancet 
Psychiatry that daily use of marijuana and high-potency weed can 
contribute to developing psychosis. They studied 901 patients with 
first episode psychosis versus 1237 never user controls at 11 sites in 
Europe and Brazil. They showed that “daily cannabis use was 
associated with increased odds of psychotic disorder compared with 
never users, increasing to nearly five-times increased odds for daily 
use of high-potency types of cannabis.”8* 


Five case studies of first episode psychosis and cannabis are 
described by Gerlach and coworkers in 2019"!,. These were young 
adults "between 21 and 26 admitted at the hospital under the clinical 
appearance of first episode psychosis and a positive THC urine test.” 
On average, they all started marijuana around age 16. They were 
“hospitalized after a similar pattern of events, following police 
intervention and emergency medical assistance and arrived 
disorganized, confused and hostile, with disruptive and 
unpredictable behavior.” They experienced a variety of symptoms 
including extreme agitation, physical and verbal aggressiveness, 
confusion, sleep disturbances, disorganization, mood oscillations, 
paranoid interpretations of reality, and threatening suicide. They 
were stabilized and treated with medication including antipsychotics 
and therapy. “In two patients, it was noted that within 12 hours of 
application of antipsychotic medication, the psychotic substrate 
fades and rapid recovery occurs. Meanwhile, in the other three, 


patient’s mental state highly oscillated for days followed by gradual 
improvement of the mental state.”8! 


Your chances of having psychosis after smoking weed is a complex 
brew of 1) weed or extract potency, 2) how often you do it, 3) your 
metabolism, 4) your age, 5) your sex*!, and 6) your genetic makeup. 
The risk of psychosis from cannabis use is influenced by common 
variants of genes, like DRD2 and COMT®****7! (see Chapter 4). 


An important question in weed-induced first episode psychosis is: 
Will the psychosis persist and take root as schizophrenia or a related 
long term psychosis? There is emerging evidence that sometimes it 
does'**3,368], As described by Pearson and Berry in 2020, “this allows 
for an understanding of the cannabis and psychosis association along 
something approaching a continuum. Cannabis intoxication 
becomes Cannabis-Induced Psychotic Disorder once certain severity 
and duration criteria are met and Cannabis-Induced Psychotic 
Disorder is heavily associated with future schizophrenia 
diagnoses”!*41, 


Paranoia 

Paranoia and persecution ideation can be a “one off” as well as a 
feature of psychosis and schizophrenia. “Paranoid thinking typically 
includes persecutory beliefs, or beliefs of conspiracy concerning a 
perceived threat towards oneself as in,...Everyone is out to get me”?™!, 
Cannabis use has been associated with paranoia and persecution 
ideation®” °”, A study of 1,714 individuals”! that used cannabis or 
non-users from around Oxford, UK, found that “the group with a 
history of cannabis use had significantly higher levels of persecutory 
ideation compared with the group without a history of cannabis use”. 
Moreover, they state that “there was an approximately three point 
additional increase in paranoia scores associated with cannabis use 
in those individuals who had a family history of psychosis.” Paranoid 
ideation is also associated with violence®”!, In the complex mashup 
of substance abuse, paranoia, and violence, it is not a difficult stretch 
to suggest that in some individuals cannabis induced paranoia may 
lead to violence.(see Chapter 10) 


Schizophrenia 

Schizophrenia is a severe psychiatric disorder characterized by 
continuous or relapsing episodes of psychosis”?! as opposed to a single 
psychotic event. It is typically not diagnosed at first episode 
psychosis. A study of over 7,000 individuals in Sweden concluded, 
“Schizophrenia following substance-induced psychosis is likely a 
drug-precipitated disorder in highly vulnerable individuals, not a 
syndrome predominantly caused by drug exposure”®™), 


THC alters synapse function as well as dopamine based nerve 
transmission. Evidence suggests that dysfunction of dopamine 
neurotransmission as well as dysfunction in other brain areas and 
circuits appears to contribute to the origin of psychotic symptoms in 
schizophrenia. In addition, disturbances of synapticfunction may be 
the basis of abnormalities of neuronal connectivity®”". 


The two biggest things about weed and schizophrenia that 

can affect you are these: 

1.First, really important brain developmental stuff happens at the 
exact same time that teenagers typically start smoking weed. Brain 
maturation, vulnerability to schizophrenia, changes in neuronal 
plasticity due to synaptic pruning®”!, and other complex brain 
changes all happen at the same time. This is the same time when 
teens are vulnerable to anxiety and depression as well. Compare 
that to the risk of smoking cigarettes and lung cancer. Teenagers 
start smoking cigarettes in their teens, but you don’t get lung 
cancer until your 50s, 60s, or 70s. So the threat of cancer is not so 
real to a teenager. Not so with weed, where you can screw up super 
critical brain developmental stages as a teenager or young adult”, 
There are no do-overs with brain development. 

Figure 5. Age Related Vulnerability to Schizophrenia. 
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2.The second most important thing for you to know about 
schizophrenia is: it can be a life sentence. You typically get it in late 
adolescence or early adulthood with around 20% of people having 
chronic symptoms and disability”. Unemployment is extremely 
high at 80-90%®”!, You often don’t pull out of it, and many times it 
lasts a lifetime. 
In a classic study in 1987 of 45,750 young men entering the Swedish 
army, Andreasson and colleagues®”! showed that men who had used 
cannabis more than 50 times were six times more likely to 
experience schizophrenia in the next 15 years than those who had 
never used it. There is emerging evidence that weed can play a role 
in the conversion of a less serious condition involving psychosis into 
actual schizophrenia", 


The Chicken or the Egg problem 
Which comes first, psychosis or use of weed (or both)? There are two 
longstanding competing theories about which comes first!****8?), 


1.The self-medication hypothesis says that people with a 
predisposition to psychosis, use cannabis in order to alleviate their 
psychotic symptoms. 

2.The damage hypothesis says that using weed exacerbates pre- 
existing psychotic symptoms or CAUSES psychosis or 
schizophrenia. 


It’s acomplex mashup and complex things don’t have simple 
answers. Here is what we know. 


- Cannabis use can predate and predict psychosis in adolescents 
with no history of previous psychotic disorders®****”, suggesting a 
causal relationship. 

* Smoking weed can lead to earlier age of onset of psychosis or 

schizophrenia!** 8°, 

Genetic studies show that starting to use cannabis may be causally 

associated with the odds of developing psychosis or schizophrenia, 

AND that schizophrenia risk predicts the likelihood of starting 

cannabis®""!, 

- The younger you start smoking weed, the greater your chances of 
developing psychosis! 3”), 

- The continued use of weed makes psychotic symptoms persist after 
initial diagnosis'*** 91/871, 

* The more often you use weed or the stronger the weed you use, the 
greater chance you have of getting psychosis or schizophrenia”® °°, 

* Cities where daily use of cannabis was common had among the 

highest adjusted incidence rates of psychotic disorder?! 

People with gene variants in the genes COMT and AKT1 may be at 

an increased risk for psychotic disorders in association with 

cannabinoids. Note that these gene variants do not primarily code 
for psychosis, they code for more basic brain functions like 
increased memory, impulsivity, etc., which we all have. These gene 
variants are very common in the population. It is much more likely 
than not that you carry one or more of these gene variants (see 

Chapter 5). 

So, there is very strong scientific evidence from multiple scientific 

groups worldwide that there is a clear relationship between cannabis 

use and psychotic disorders, including schizophrenia. There is 
emerging evidence that this relationship is important in both direct 
causality and the effect of cannabis on people with genetic 
predispositions. In the words of researchers publishing in the 
medical journal The Lancet, “We conclude that there is now sufficient 


evidence to warn young people that using cannabis could increase 
their risk of developing a psychotic illness later in life”. 


Depression, Anxiety and Bipolar Disorder 


Depression 

The use of cannabis for depression is common in adolescents and 
adults and the cannabis industry promotes the use of cannabis in 
depression. However, a major question is: Does regular use and 
heavy use lead to dependence and increase depression over time? 
There is clear evidence that over time and with chronic use, down- 
regulation of the cannabinoid receptor CB1 in the brain and blunting 
of the dopamine pathway by cannabis can lead to negative 
emotionality"! and anhedonia"®*?!, a reduced ability to experience 
pleasure. 


Depression has been statistically associated with cannabis use > 
*7l and the relationship between weed use and depression is 
complex!" 1, Studying the use of weed in depression is complicated 
because depression is also associated with alcohol and tobacco use, 
life experiences, and with common genetic variants. However, 
statistical studies try to separate the effects of weed on depression 
from other confounding factors. Animal studies are especially 
valuable in teasing apart the neurobiological complexities of weed on 
depression. 


As described in a 2017 review"! by Dr. Nora Volkow, the director of 
the National Institute on Drug Abuse, “the search for a state of 
mental relaxation and well-being is one of the factors driving the 
widespread consumption of cannabis. Cannabis enables and 
enhances the subjective sense of well-being by stimulating the 
endocannabinoid system (ECS), which plays a key role in modulating 
the response to stress, reward, and their interactions. However, over 
time, repeated activation of the ECS by cannabis can trigger 
neuroadaptations that may impair the sensitivity to stress and 
reward. This effect, in vulnerable individuals, can lead to addiction 
and other adverse consequences.” 


A group of Canadian researchers” performed a systematic 
summary of 14 independent studies on weed and depression that 
looked at 76,058 individuals. They “found that cannabis use was 
associated with a modest increased risk for developing depressive 
disorders. They further found that heavy cannabis use was associated 
with a stronger, but still moderate, increased risk for developing 
depression”. Their findings “were consistent for cannabis use both in 
adolescence and in adulthood.” 


A 2020 study from the Johns Hopkins School of Medicine that studied 
14,873 adolescent cannabis users reported! that “adolescents with 
any cannabis use history have significantly higher rates of Major 
Depressive Disorder®*”, but unexpectedly they found “that heavy 
users (weekly or greater use) had significantly lower predicted 
prevalence of lifetime and past year Major Depressive Disorder.” 


Anxiety 

Anxiety is anormal common response to life’s stressful situations. It 
can help us stay alert and be aware of potential danger when 
necessary. Excessive and continuing anxiety, though, could be a sign 
of an anxiety-related disorder” *, which may include generalized 
anxiety disorder, social anxiety disorder, phobias, or separation 
anxiety disorder!**!, 


People use cannabis to treat the symptoms of anxiety and there is 
widespread belief that cannabis and cannabis products help alleviate 
symptoms of anxiety. Cannabis dispensaries and the cannabis 
industry promote the use of cannabis for anxiety. The scientific 
evidence, however, is mixed” *!, and there are mixed results in 
animal models of cannabis and anxiety as well. 


Cannabis has the ability to both alleviate the symptoms of anxiety 
(anxiolytic) and to increase anxiety (anxiogenic) in humans and in 
animal models*!, The natural endo-cannabinoid system is 
intimately involved in the regulation of emotional response!, THC 
tends to be anxiogenic, increasing symptoms of anxiety, while CBD 
tends to be anxiolytic, reducing symptoms of anxiety”. The 
anxiolytic effect of CBD may “explain why many patients with anxiety 


disorders use cannabis as a “self-medication” to obtain relief from 
anxiety symptoms”! 408, 


There is strong scientific evidence that there is a dose-dependent 
effect of weed on anxiety. Low dose/short term use of cannabis 
products may help alleviate symptoms of anxiety while a higher dose 
and long term use of cannabis can increase anxiety. A study from the 
University of Chicago in 2017"! showed that in comparison to a 
placebo, a low dose of THC significantly reduced self-reported 
subjective distress in a Social Stress Test, which included the 
statements; “I feel stressed”, “I feel tense”, “I feel insecure”. However 
a higher dose of THC “produced small but significant increases in 
anxiety, negative mood and subjective distress”. At different doses, 
neuroimaging data have also demonstrated that THC can both 
decrease"! and increase! emotional arousal/processing of negative 
stimuli. 


In a 2016 study of anxiety it was shown that “daily or almost daily 
cannabis use among older adults and Cannabis Use Disorder among 
younger adults were associated with higher incidence of social 
anxiety at follow-up”! and a 2013 study of adolescents reported that 
heavy cannabis use in adolescence was in fact associated with higher 
incidence of any anxiety disorder"), 


It should be clearly stated that when taken in high doses, cannabis 
can cause intense fear and anxiety, especially in occasional or drug 
naive users. These may be acute and short-lasting episodes of 
anxiety, which often resembles a panic attack, in those who are not 
habitual users'!**!, Naive users of edibles and concentrates are 
particularly vulnerable to high dose anxiety and panic outcomes. 


The problem with long term cannabis use in anxiety as well as in 
depression is that long term use can bring habituation or tolerance. 
As reviewed in 2016, in considering cannabis for “anxiety 
disorders, or depression related stress", it should be remembered 
that repeated use of such medications is bound to down regulate 
CB1R expression" *!, Such reduction in CB1R expression would 


result in tolerance to the medication effects'*”!, thus increasing the 
risk for depression’! and perpetuating cannabis dependence!*!”,4”*!,” 


Distress Tolerance and Cannabis 

What is distress tolerance? Distress Tolerance (DT) is a concept 
in psychology that describes how well a person copes with 
stress. Different people cope with stress differently. It is 
important in relation to substance use, anxiety, and mood. DT “is 
a person’s ability to manage actual or perceived emotional 
distress. It also involves being able to make it through an 
emotional incident without making it worse. People who have 
low distress tolerance tend to become overwhelmed by stressful 
situations and may sometimes turn to unhealthy or even 
destructive ways of coping with these difficult emotions”? ”"), 
Lower distress tolerance (sometimes referred to as distress 
intolerance) has been shown to be related to more cannabis use 
in coping with a negative mood", A therapy called Dialectic 
Behavior Therapy”, which is related to cognitive behavior 
therapy has been shown to be effective in improving low distress 
tolerance in people with substance abuse problems'””!, 


Bipolar Disorder and Weed 

As described by the Mayo Clinic'**!, “Bipolar disorder, formerly 
called manic depression, is a mental health condition that causes 
extreme mood swings that include emotional highs (mania or 
hypomania) and lows (depression)...Episodes of mood swings may 
occur rarely or multiple times a year. While most people will 
experience some emotional symptoms between episodes, some may 
not experience any.” 


Psychosis is the disorder with the strongest connection to weed. 
However, there is growing evidence that cannabis can influence the 
course of bipolar disorder. A systematic review of bipolar studies and 
cannabis in 2015"! “supported an association between cannabis use 
and the exacerbation of manic symptoms in those with previously 
diagnosed bipolar disorder. Furthermore, a meta-analysis of two 
studies suggests that cannabis use is associated with an 
approximately 3-fold increased risk for the new onset of manic 


symptoms.” In addition, they stated cannabis “may worsen the 
occurrence of manic symptoms in those diagnosed with bipolar 
disorder, and may also act as a causal risk factor in the incidence of 
manic symptoms.” 


In 2007, a prospective study of 3,881 people between 18-64 years of 
age in the Netherlands concluded, “any use of cannabis at baseline 
predicted a modest increase in the risk of a first major depression 
and a stronger increase in the risk of a first bipolar disorder. The risk 
of ‘any mood disorder’ was elevated for weekly and almost daily 
users, but not for less frequent use patterns”*”, Interestingly, this 
study did not find any statistically significant associations between 
cannabis use and anxiety disorders. 


Overall, with anxiety and mood disorders taken as a group, a 
systematic analysis in 2018 of 11,959 individuals'* concluded, “this 
review provides consistent evidence that-among individuals living 
with a baseline PTSD, panic disorder, bipolar disorder, or depressive 
disorder recent cannabis use was associated with negative 
symptomatic outcomes over time.” “Specifically, the collective 
findings suggest that individuals using cannabis (ie, any/greater 
frequency of use in the past 6 months) experienced greater symptom 
severity and number of symptoms and less occurrence of 
symptomatic remission and recovery up to five years following 
baseline assessment relative to the comparison group”. 


Chapter & 


Pregnancy, Neonatal issues, 
and Childhood 


Pregnancy and Neonatal Development; The Effects of 
Prenatal use of Cannabis on Childhood and Adolescence 
Health; Cannabis Dispensaries are at odds with Health 
Experts Advice to Pregnant Women; The Lead Toxicity 
experience versus the Marijuana experience; Unintentional 
Cannabis ingestion in Young Children. 








Pregnancy and Neonatal Development 
It is sad for me to see a young pregnant woman or a breastfeeding 
mom smoking weed. That developing baby doesn’t have a choice, and 


that decision to smoke weed could effect that kid for the rest of its 
life!**"!, A study of over 400,000 Australian live births over a 5-year 
period found that prenatal cannabis exposure increased the risk of 
neonatal intensive care unit admissions, predominantly for 
premature birth'***!, 


THC crosses the placenta into the fetal circulation and can 
accumulate in the fetus with repeated use of cannabis'*”!5!, THC can 
appear in breastmilk within one hour of consumption and build up 
in breastmilk with heavy use'*** *°!, THC accumulates in fat. What is 
one of the major components of breastmilk?...fat. Even though 
cannabis is strongly promoted by marijuana dispensaries for 
morning sickness and other conditions'***!, and use of weed is 
increasing in pregnant women’ **!, its use is strongly discouraged 
by health officials®* 9°44, 


More and more is known about the long-term effects of prenatal or 
neonatal marijuana exposure on future outcomes in the offspring. 
There is accumulating evidence that marijuana use in pregnancy 
increases risk to the fetus and neonate in both the short run (less 
than 1 year) as well as over the course of childhood and into 
adolescent development!*#?4471, 


During pregnancy and infancy, THC has been associated with low 
birth weight, preterm birth, stillbirth or miscarriage, and babies 
born small for their gestational age'*** “#5, In a study, reported in 
the American Journal of Perinatology, of 5,234 women in Washington 
State, who were tested for the presence of THC”, the authors found 
an association between low birth weight and small for gestational age 
with marijuana use. A large study from Canada, reported in The 
Journal of the American Medical Association, concluded that cannabis 
use was significantly associated with an increased risk of preterm 
birth'*!, THC in breastmilk also has been associated with decreased 
motor development"! and reduced height". 


Figure 6. Estimated growth curve and difference infetal weight because of 
maternal cannabis use!*“! 
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A 2009 report from the University of Amsterdam (figure 6) described 
reduced fetal weight in grams due to prenatal exposure to cannabis. 
The authors state that “exposure to potent cannabis in utero may be 
related to reduced fetal growth and fetal head size, known risk 
factors for neurodevelopmental and behavioral problems”, 


The Long Term Effects of Prenatal Cannabis Use on 
Childhood and Adolescence 

There is concern that marijuana use in pregnancy can have long 
term effects on babies as they grow into children and teenagers. A 
large Canadian study"! in 2020 of approximately 500,000 births 
found a statistical association with prenatal use of cannabis and an 
increase in autism spectrum disorder. They also found evidence for a 
smaller increase in intellectual disability, learning disorders, and 
ADHD, although these were not statistically significant. Further work 
is needed to establish whether cannabis use is the cause. 


Erin Davis and colleagues"! reviewed the scientific literature for 
evidence of associations between cannabis use during pregnancy 
and breastfeeding with altered developmental stage behaviors. These 
include aggressive behavior and attention deficits at 18 months”), 
and a “significant effect on school age intellectual development” at 
age 6?! Similar findings on deficits in verbal skills and memory and 
increases in hyperactivity and impulsivity have been reported" #4), 


A study from the University of Pittsburgh concludes, “The 
neurocognitive domains that we have found to be associated with 
prenatal marijuana exposure by age 10 included depressive 
symptoms, attention, activity, impulsivity, learning and memory, and 
IQ”*°], There are also reports of associations in older children and 
adolescents due to prenatal use of cannabis by their mothers 
including changes in behavior and neurocognitive functioning", 
decreases in executive function, short-term memory, quantitative 
and verbal reasoning scores, increases in inattention“, 
depressive” and anxious symptoms. Likewise, in 18-22 years olds 
exposed prenatally to cannabis, deficits were found in executive 
functioning among other factors!**!, 


This accumulating evidence documents long term effects from 
smoking weed while pregnant or breastfeeding. I would like to stress 
that these effects of weed use in pregnancy and breastfeeding don’t 
just affect the baby while you are pregnant, they can play out as the 
child develops into an adolescent and beyond. Many problems are 
associated with cannabis use prenatally or while breastfeeding of at 
least once a week or greater. Also, many of the current published 
human studies collected data over a time period in the 1970s, 80s, 
and 90s when THC levels were much lower. Today’s weed is much 
stronger and the potential for health effects are greater. 


Are the current human studies definitive? Are they the last word on 
the subject...No. Are there enough reports to be cautious, concerned, 
and to think hard about use...Yes. Much more work is needed!, but 
there is currently enough evidence to make smart choices. Why put 
your child at risk? Studies in pregnant animals provides supporting 
evidence that THC has effects on the developing embryo, its brain, 


and the placenta!*” *”!, as well as having impacts on the offspring” 
731 on their cognition, behavior” *”*!, and psychological well 
being!*”4!, 


In a recent report published in Nature Neuroscience'*’”!, when 
pregnant rats were exposed to THC, their offspring “exhibit[ed] 
extensive molecular and synaptic changes in dopaminergic neurons 
of the ventral tegmental area, including altered excitatory-to- 
inhibitory balance and switched polarity of long-term synaptic 
plasticity.” They showed that these effects due to prenatal exposure 
had long term effects in adolescent rats, stating, “the resulting 
hyperdopaminergic state leads to increased behavioral sensitivity to 
acute THC exposure during pre-adolescence”!*””, Interestingly, in this 
model this effect was only found in male offspring and not in 
females. 


This is important. What they are saying is exposure of marijuana toa 
developing fetus can lead to increased sensitivity to marijuana in pre- 
adolescence. 


These authors speculate that their results, “might manifest in 
aberrant associative learning and abnormal reward processing, and 
provides an interpretative framework for clinical studies reporting 
maladaptive behaviors ranging from affective dysregulation to 
psychosis and addiction vulnerability in the offspring of mothers 
using cannabis during pregnancy.”*”7! 


This is one of over 100 scientific studies on the long term effects of 
the constituents in weed on the offspring of rats and mice during 
pregnancy. Other animal studies looking at the long term effects on 
offspring of cannabinoids during pregnancy include their impacts on 
the endocrine and immune systems"”!, glucose homeostasis, '*””! 
movement'*!, emotional reactivity'*", cognition! ***], and other 
anomalies!*” 48 4851, 


At a molecular, cellular, and developmental level humans brains are 
very similar to rat brains. If marijuana is altering developing rat 
brains in highly controlled studies, it is highly likely it is having 
similar effects on the brains of developing human babies. 


Cannabis Dispensaries are at odds with Health Experts 
Advice to Pregnant Women. 

With the increasing evidence of weed’s harm during pregnancy, 
a glaring and dangerous medical inconsistency is that 
approximately 70% of women in the United States believe that 
there is “slight or no risk of harm” in using cannabis during 
pregnancy and approximately 7.5% of expectant moms between 
the ages of 18 and 25 report using cannabis'**!, 


To make matters worse, when young women go into a medical 
cannabis dispensary, more often than not, they are advised to 
use marijuana for morning sickness and nausea. This is often in 
the first trimester when the fetus is particularly susceptible to 
damage from drugs'**” **!, Dickson and coworkers'***! showed in a 
statewide cross-sectional study in Colorado that almost 70% of 
cannabis dispensaries recommended cannabis products to treat 
nausea in the first trimester. This is exactly the opposite 
recommendation from doctors and the US Surgeon General. The 
recommendations from the American College of Obstetricians 
and Gynecologists advise, “Women reporting marijuana use 
should be counseled about concerns regarding potential adverse 
health consequences of continued use during pregnancy”, 
Likewise, as recommended by the Surgeon General of the United 
States, “No amount of marijuana use during pregnancy or 
adolescence is known to be safe. Until and unless more is known 
about the long-term impact, the safest choice for pregnant 
women and adolescents is not to use marijuana”!**!, 


Pregnancy: The Lead Toxicity Experience Versus the 
Marijuana Experience 

Lead ingestion through peeling paint often found in decaying houses 
in urban areas and lead contamination in public water systems, such 
as in Flint Michigan, pose a threat to the health of mothers and 
children, especially minority populations. This is a major health 
crisis, with public protests, broadly reported in the media, and in 
scathing documentaries. 


It has long been known that lead is neurotoxic, and it is particularly 
harmful to the developing fetus. There is compelling evidence that 
exposure to lead during pregnancy leads to an increase in the 
incidence of preterm delivery, birthweight, head circumference!*®”, 
Lead levels in the blood above 10 micrograms per deciliter in 
children has been shown to reduce IQ by approximately 4.25 IQ 
points as measured at age 38""!, Here is where direct, carefully 
controlled toxicity studies in rats are particularly useful. When 
pregnant rats are exposed to lead, there are changes in the offspring 
of the growth potential of nerve dendrites in the hippocampus and 
reduced learning and memory". 


In addition, breastfeeding human infants are at risk as lead can be 
passed through breastmilk to a baby. As stated by the American 
Academy of Pediatrics'*”!,”low-level lead exposure is a causal risk 
factor for diminished intellectual and academic abilities, as well as 
higher rates of neurobehavioral disorders such as hyperactivity and 
attention deficits, and lower birth weight in children’. The 
Advisory Committee on Childhood Lead Poisoning Prevention of the 
Centers for Disease Control and Prevention (CDC) concluded that 
there is no safe level of lead exposure’. 


Now let’s compare the toxicity of lead to weed use in pregnancy; the 
similarities are striking. 


Like lead, THC readily crosses the placenta and enters fetal 
circulation. THC also accumulates in breastmilk. There is evidence 
that weed is associated with similar deficits found in lead toxicity in 
pregnancy including, preterm birth and lower birth weight, as well 
as being associated with autism", intellectual disability, learning 
disorders and other deficits. Moreover, in a 2012 study on the effect of 
persistent adolescent cannabis use on IQ, it was reported that “the 
most persistent adolescent-onset cannabis users evidenced an 
average 8-point IQ decline from childhood to adulthood’”®*!. This 
finding is controversial and other investigators using a controlled 
study of twins, publishing in the same journal, attribute this IQ 
decline to other factors!**!. As with lead toxicity, multiple controlled 
studies in rat mothers treated with cannabinoids during pregnancy 


have shown to affect brain function and brain cognition in the 
offspring later in life!*!. 


The CDC states that “Marijuana use during pregnancy can be 
harmful to your baby’s health.” and that “it is recommended that 
pregnant women do not use marijuana.”!° “7, Similarly, the 
American College of Obstetricians and Gynecologists 
recommendations"*! regarding marijuana use during pregnancy and 
lactation are quite clear. They state that, “women reporting 
marijuana use should be counseled about concerns regarding 
potential adverse health consequences of continued use during 
pregnancy.” Also, “women who are pregnant or contemplating 
pregnancy should be encouraged to discontinue marijuana use. 
There are insufficient data to evaluate the effects of marijuana use on 
infants during lactation and breastfeeding, and in the absence of 
such data, marijuana use is discouraged.” 


Much more work needs to be done. Is there enough data to be 
cautious? Is there enough data to make wise choices while pregnant? 
Cannabis dispensaries continue to recommend cannabis for morning 
sickness in pregnancy. No media attention, no protests, no 
documentaries? Is it worth the risk to the baby? Think about it. What 
do you think? 


Unintentional Cannabis Ingestion In Young Children 

Infants, toddlers, and young kids get into things. They put things into 
their mouths and eat things they shouldn't. They can inadvertently 
ingest cannabis or cannabis products, especially resin or 
haphazardly stored cannabis-containing edibles, like gummies, 
brownies, or cookies. Other exposures in young children included 
passive smoke, medical cannabis, beverages, and hemp oil!””!, 
Common symptoms in children of cannabis exposure are lethargy, 
loss of body movements, rapid heart rate, dilation of the pupils, and 
floppy muscles (hypotonia). Serious pediatric consequences can 
occur including, coma, encephalopathy’, seizures, and respiratory 
depression requiring a ventilator®™. 


Doctors in Jamaica” described a four-year-old boy who was 
admitted to the emergency room with symptoms of tremors of the 
hands, blank stare, and inability to speak. He reportedly ingested 
candy infused with marijuana five hours earlier. He progressively 
became drowsier and eventually became unresponsive. His urine 
tested positive for THC. He received treatment with intravenous 
atropine, oxygen therapy, and maintenance intravenous fluids He 
recovered after 24 hours of observation. 


Colorado began recreational sales of cannabis to the general public 
on January 1, 2014. Since 2014, the largest increase in reports to the 
Colorado Regional Poison Center for marijuana exposure has been in 
children age 0-8 years®™!, Likewise, in a study from France”, 
covering the time period 2004-2014'™!, there was a 13-fold increase in 
admissions to a pediatric emergency department for proven 
cannabis intoxication in children 18 months or younger. This study 
concluded, “Children are collateral victims of changing trends in 
cannabis use and a prevailing THC concentration. Intoxicated 
children are more frequent, are younger, and have intoxications that 
are more severe.” 


Chapter 9 


Other Very Important Heath- 
related Stuff 


Your Heart and blood vessels; Stroke; Transient Ischemic 
Attacks; Sleep; Testicular Cancer; Cannabinoid 
Hyperemesis Syndrome. 


Your Heart and Blood Vessels 

Cannabinoid receptors that bind THC are not just found in the brain 
and the nervous system. They are also found on many cells and 
tissues of the body; in particular on heart muscle, (known as 
myocardium), aortic smooth muscle, vascular endothelium (the 
lining of blood vessels), red blood cells, and platelets (the sticky 
blood cells that form clots)®*!. As in the brain, when THC binds 
cannabinoid receptors on these tissues, the tissues respond in 
various ways. 


Weed can cause both vasodialation (swelling of the blood vessels), 
and vasoconstriction”! (constriction of the blood vessels) resulting 
in lowered and increased blood pressure respectively. A recent 
review stated, “Cannabis use results in elevation of heart rate and 
blood pressure immediately after use, primarily due to sympathetic 
nervous system stimulation and parasympathetic nervous system 
inhibition. These effects may precipitate cardiac dysrhythmia’®>”. 


There are over 200 scientific studies describing cannabis and 
cardiovascular related health problems. These include papers about 
acute heart problems®*!, cardiovascular disease, stroke, cardiogenic 
shock®”!, arrhythmias", and heart attack®""5“!, Especially 
troubling are reports of cardiovascular problems and weed in 
otherwise healthy young adults®°7!, 


While one recent review suggests that marijuana related 
cardiovascular studies are preliminary and underpowered*"!, 


another recent study analyzing the largest clinical inpatient 
database in the US, found that during the study period (2010-2014) 
“major cardiovascular (non-specific chest pain, acute myocardial 
infarction, congestive heart failure, arrhythmia) and 
cerebrovascular (stroke and epilepsy) events showed increasing 
trends among recreational marijuana users.”"*! 


A 2001 study of 3882 patients»! showed that the risk of myocardial 
infarction onset was elevated 4.8 times over baseline in the 60 
minutes after marijuana use and rapidly decreased thereafter. 
Likewise, in 2019 another large study in the medical journal 
Anesthesiology, which studied over 27,000 patients at or around the 
time of surgery, showed that “an active cannabis use disorder is 
associated with an increased perioperative risk of myocardial 
infarction”»*"!, In a broad scientific review in 2020 in the medical 
journal Circulation**", the American Heart Association described 
multiple adverse effects of Cannabis and made a strongly worded 
statement saying “the negative health implications of cannabis 
should be formally and consistently emphasized in policy, including 
a doubling down on the American Heart Association’s commitment 
to limiting the smoking and vaping of any products and banning 
cannabis use for youth”. Cardiovascular problems with weed may 
also involve conditions like increases in blood pressure®™), irregular 
heart beats, and impaired lung function. 


Approximately half of adult Americans have some evidence of 
cardiovascular disease”?! and over 34 million Americans have 
diabetes®™!, The effects of weed may exacerbate existing conditions 
related to cardiovascular health such as hypertension, high 
cholesterol, diabetes, or use of different medications®*!. Baskaren et 
al. 2019 describe a 60 year old man with hypertension, 
hyperlipidemia, and diabetes®”°! (how many people does that describe?) 
who went to the emergency ward when he had a coronary 
vasospasm after marijuana ingestion. The authors state that “with 
the legalization of marijuana in certain states, marijuana related 
hospitalizations and ER visits are likely to increase.” 


Jack Herer—The Emperor of Hemp 

Jack Herer (1939-2010)? was a pro-cannabis and hemp activist 
and founded the organization Help End Marijuana Prohibition 
(HEMP). He wrote the non-fiction book, The Emperor has no 
Clothes, about cannabis, and hemp for industrial purposes. He 
was sometimes called “The Emperor of Hemp”. He ran for 
President of the United States twice as the Grassroots Party 
candidate. Jack Herer had his first heart attack and a major 
stroke at the age of 61. He had his second heart attack 9 years 
later at the Hempstalk Festival in Portland, Oregon. He died 
seven months later in Eugene, Oregon from complications 
related to the heart attacks and stroke. The sativa-dominant 
strain of cannabis, Jack Herer, is named in his honor. Was weed 
related to his multiple heart attacks or stroke? Hard to say, on 
one hand there is no direct evidence it did. On the other hand... 
weed is associated with heart attacks and stroke. Overweight 
guy in his sixties, smoked a lot of weed.... something to think 
about. 


Arrhythmias 

Arrhythmias are irregular heart beats", in which your heart beats 
too quickly, too slowly, or in an irregular pattern. In a recent study 
of the admissions at over 4,000 US hospitals, researchers 
investigated the prevalence of cardiac arrhythmias in teenage 
cannabis users®**!, They identified multiple symptoms related to 
arrythmias including, ventricular fibrillation, heart palpitation, QT 
syndrome, and atrial flutter. These were teenagers age 13 to 19. 
While not very frequent (36-513 in 100,000), it happens. Another 
report®*", described a 19 year old who experienced three episodes of 
near complete loss of consciousness in the hours prior to seeing a 
doctor. He was found to have a “complete heart block” and was 
treated. He was “advised to quit using cannabis”. Follow up testing 
with ECG monitoring, “after cessation of cannabis use, showed 
normal sinus rhythm without atrioventricular block.” 


Stroke 


Stroke is caused by blockage in a blood vessel that restricts blood 
flow to the brain, causing damage to brain tissue. It is the 5th 
highest cause of death and a leading cause of disability in the US*". 
As reported in 20195"), “a 37 year old male with no significant 
medical history was brought in by his father with complaints of 
worsening mental status and functional decline”. He told the doctors 
he had been smoking 3 grams of weed every day since he was 12 
years old. He was diagnosed as having acute and chronic ischemic 
stroke in his brain. After eight days of hospitalization and anti- 
coagulation therapy he was discharged to an inpatient rehabilitation 
unit. 


A recently published epidemiological study analyzing data from the 
Centers for Disease Control and Prevention concluded that “there 
may be a significantly higher odds of stroke in young marijuana 
users (18-44 years) as compared to nonusers with even greater odds 
among frequent users (>10 days/month)”*"”, Another recent large 
epidemiological study of over 3 million hospitalizations of all kinds 
from 2007-2014 “identified rising trends and higher risk (16% higher 
of overall young-onset stroke, 41% higher of acute ischemic stroke) 
of stroke-related hospitalizations and worse outcomes among 
cannabis users aged 18-49 years”5*"!_ 


Transient Ischemic Attacks—TIAs 

A Transient Ischemic Attack is often referred to as a mini-stroke. 
Like strokes, they are caused by a disruption in blood flow to the 
brain, or cerebral blood flow and may result in a brief episode of 
neurological dysfunction** °**!, 


The effects are generally temporary and may include weakness or 
numbness on one side of the body, dimming or loss of vision, 
difficulty speaking or understanding language, slurred speech, and 
confusion. They may be a warning sign of a future stroke. A 2016 
study of over 7,000 people in the general population in Australia 
found that those who used cannabis weekly or more often had 3.3 
times the rate of stroke/TIA than those that did not use cannabis. 
There was no increase in those who used cannabis less often®*"!, 


Dr. Ann M. Mousak describes a 26-year-old male, who was a heavy 
cannabis smoker, who appeared with partial paralysis on the right 
side of the body (hemiparesis) and speech difficulties (aphasia) 3 
hours after smoking a large amount of cannabis. The patient’s 
symptoms lasted 24 h. The patient reported cannabis abuse since 
the age of 16. No other drug abuse was recorded except for light 
tobacco smoking. Transient amnesia, episodes of gait 
disequilibrium and confusion was found. Dr. Mousak also described 
two similar cases involving TIAs shortly after smoking large 
amounts of cannabis. “They did not have any risk factors for small- 
vessel disease. The meticulous and extensive examinations revealed 
only cannabis as the possible causative agent”?”, 


Sleep 
“The only time I have problems is when I sleep.” 


—Tupac Shakur 


Sleep is essential for many aspects of good health and wellbeing. 
Dysfunctional sleep can lead to a host of physical and psychological 
problems. The natural endocannabinoid system in the brain is 
important in helping you sleep. The molecules anandamide and 2- 
AG bind the cannabinoid receptor CB1 on neurons in the brain and 
help regulate sleep". Experimental administration of anandamide 
in animals increases rapid eye movement (REM) sleep and non-REM 
sleeps 539] . 


Cannabis has been used to induce sleep for centuries. In 1843 John 
Clendinning, M.D., a physician to the St. Marylebone Infirmary, 
London, U.K., described a case where...“a medical man of forty- 
four...at bed-time, being in good health, took 12 minims of Squire’s 
tincture of Indian hemp, which are equivalent to 1 grain of the 
extract. In a few minutes he perceived that slight sense of confusion 
and fullness in the head...in half an hour or thereabout fell into a 
slumber which lasted, uninterruptedly, for about six hours...this 
gentleman rarely sleeps more than three or four hours 
consecutively”), 


Insomnia and other sleep problems are one of the main reasons 
people use medicinal Cannabis. Although, the cannabis industry 
strongly promotes cannabis for sleep problems, there is mixed 
scientific evidence”?! that cannabinoids have a long term benefit 
on sleep””!, While some studies show a reduction in sleep onset 
latency®*!, how quickly you fall to sleep, others do not replicate that 
finding. A small short term study in 2020 of middle-aged and older 
adults reported preliminary results indicating cannabis use may 
have a positive effect on sleep duration®“!. There is preliminary 
evidence in both animal studies®*! and in people with medical 
conditions that disrupt their sleep (such as sleep apnea“, chronic 
pain®*7, anxiety"), restless leg syndrome, or nightmares in 
PTSD®**!) that cannabinoids may help the primary health issue, thus 
allowing for better sleep. Most controlled clinical trials that look at 
sleep and cannabinoids use pharmaceutical grade cannabinoids 
(e.g., Dronabinol, Sativex, and Epidiolex) rather than recreational 
marijuana. 


Overall, an emerging pattern from human sleep studies may be 
related to the bi-phasic effects of THC or Short term use-ok; Long term 
use-bad (see Chapter 3). As reviewed by Babson and coworkers in 
2017, early studies suggest that cannabis may have a short-term 
benefit on sleep, particularly in reducing the time to fall asleep. But 
long term, chronic use of cannabis may lead to habituation to these 
sleep-inducing effects. Habituation is a decrease in response to a 
stimulus after repeated use. These investigators state, “Long-term 
use could have a negative impact on sleep in two primary ways. 
First, individuals may find themselves in a vicious cycle of using 
cannabis to manage sleep, but ultimately habituating to the effects. 
This makes people use more cannabis in order to obtain the desired 
effect, resulting in problematic patterns of use. Second, sleep 
disturbances are the hallmark of cannabis withdrawal and may 
serve to maintain use and predict relapse”>™. 


People who regularly use cannabis, especially heavy users, exhibit 
sleep disruption®*4, particularly during withdrawal from cannabis 
use. Sleep disturbance is a frequent complaint of about 76% of daily 


cannabis users who abruptly discontinue their cannabis use.®™. 
Symptoms reported include sleep difficulties such as strange 
dreams, insomnia, and poor sleep quality*. Abrupt 
discontinuation of daily, or near daily cannabis use may lead to 
abstinence-induced insomnia®*". 


Adolescents and young adults are particularly at risk for sleep 
problems. In an analysis of 1,125 students aged 17 to 24 years from 
an urban Midwestern university, over 60% were categorized as poor- 
quality sleepers). A study published in the Journal of American 
College Health in 2019 of 354 college students"! found that using 
marijuana to aid in sleep was “associated with worse sleep 
efficiency. Sleep problems related to daytime dysfunction was found 
to predict increased marijuana use in the past month, and more 
problematic use in the past month and past year”. 


Sleep is complex and so are sleep studies. Alcohol use, nicotine co- 
use, and other concurrent medical issues can also disrupt sleep and 
may cloud the direct effect of cannabis on sleep. These, and other 
issues complicate self-reports of the effect of subjective effects of 
Cannabis on sleep. More well controlled clinical trials on Cannabis 
and cannabinoids and sleep are needed. 


Testicular Cancer 

Cancer...never a welcome word. Testicular cancer is relatively 
rare, accounting for less than 2% of male cancers; however, it is 
the most common malignant neoplasm occurring in young 
men, ages 15-4459, 


The endocannabinoid system is important in sperm biology and 
fertility®°”. Marijuana has been shown to alter sperm numbers, 
testicular function, and hormone levels**! in both humans and 
animals, although this data is sometimes conflicting. In the 
context of these complex effects on testicular biology, there is 
emerging evidence that marijuana can increase the risk for 
testicular cancer in heavy users** **!, In a 42 year follow-up of 
over 49,000 Swedish men between 1970 and 2011, the risk of 
testicular cancer increased by 2.5-fold if you had smoked weed 


greater than 50 times in your lifetime. Similarly, a systematic 
review of cancer and marijuana in 2019 published in the Journal 
of the American Medical Association-Network Open reported that 
more than 10 years of marijuana use was associated with 
testicular cancer". Interestingly, they also found that evidence 
of the association between marijuana use and incident lung 
cancer was insufficient due to a lack of high quality data. Lower 
usage of weed was not associated with cancer. 


Cannabinoid Hyperemesis Syndrome 
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Everyone knows smoking weed can give you the munchies, but did 
you know it can also give you the serious pukes? 


Sometimes people use cannabis for nausea without knowing heavy 
use can cause nausea or make it worse. Emesis is the medical term 
for vomiting. Hyperemesis is persistent severe vomiting leading to 
weight loss and dehydration. Cannabinoid Hyperemesis 
Syndrome!*!§§° is a rare condition of cyclical vomiting and 
nausea found occasionally in heavy marijuana users; weekly or daily 
use®°, In a 2018 study! from the New York University School of 
Medicine, patients that entered the hospital for multiple reasons 
were asked if they smoked weed 20 or more days per month. They 
then were evaluated on a ten point scale for nausea and vomiting. 


Over thirty two percent met the criteria for having experienced 
Cannabinoid Hyperemesis Syndrome. 


Symptoms may include; ongoing nausea, repeated episodes of 
vomiting, belly pain, decreased food intake, weight loss, and 
dehydration’*!. These symptoms may continue until the person 
completely stops using marijuana. Often hot showers are taken, 
sometimes compulsively®”!, to help with the nausea. In some cases 
hospitalization may be required and fatalities have been reported. It 
is a paradox that cannabis can both help the symptoms of nausea 
and cause nausea. One theory” °*” is that “chronic, heavy cannabis 
use may cause cannabinoid receptors in the gut to override the 
effect of cannabinoid receptor stimulation in the brain, thereby 
leading to paradoxical hyperemesis”®>”!, 


A 38 year old male showed up at the emergency ward with acute 
nausea, vomiting and unrelenting gastric pain for 5 days®”!. He 
reported vomiting that occurred 10-12 times per day. He had 
vomiting episodes for the past 20 years, occurring 3-4 times a 
month, lasting for an average of 7 days. He reported smoking 
marijuana regularly for the past 20 years, smoking an average of 5-6 
joints per day. The patient was examined for any medical 
complications and treated with saline, anti-nausea medications and 
a heartburn medication for gastritis. The patient was advised to stop 
the use of marijuana completely to stop these recurring symptoms. 


Chapter 10 
Societal Related Stuff 


Educational Achievement; Motivation; Employment and 
Jobs; Conflating Legalization issues with Health Issues; 
Driving; Violence; Suicide; and PTSD. 


Educational Achievement 

There is increasing and compelling scientific evidence that starting 
weed at an early age and smoking a lot of weed for a long time is 
associated with lower educational and job achievement”2°4574P.57), 
As noted in a review in JAMA Psychiatry by Nora Volkow M.D., the 
director of the National Institute on Drug Abuse, “there is evidence 
that long-term heavy cannabis use is associated with educational 
underachievement and impaired motivation’"!§’°°”, This 
association of heavy use of weed with educational achievement is 
complex. There may be direct effects on brain cognition, 
motivation®’*>”!, or on social aspects that affect behavior and 
personal relationships. A large study in Australia and New Zealand, 
found that those who were daily users of cannabis before age 17 
years had clear reductions in the odds of high school completion 
and degree attainment®*”, as well as an increase in other bad 
outcomes including later cannabis dependence®*!, use of other 
illicit drugs, and suicide attempts®*!. A similar study in Canada in 
2018 found significant differences in educational attainment'’®!. Both 
increasing users and chronic users reported lower educational 
attainment and occupational prestige. 


Different trajectories of use of weed in adolescence have been 
shown to have different educational outcomes when seen at the 
population level. In a study of 5,322 people from age 13-23, 5 
trajectories of weed use were identified; abstainers, occasional light 
users, stable light users, steady increasers, and early high users. 
“Abstainers consistently had the most favorable (behavioral, 


socioeconomic, and health outcomes at age 29), whereas early high 
users consistently had the least favorable outcomes.”>*”! 


In a similar study in 2015 of 808 individuals from ages 14 through 30, 
Marina Epstein and her colleagues at the University of Washington 
reported that a pattern of adolescent, late-onset or chronic use of 
weed resulted in worse educational and economic outcomes than 
did non-users*!, 


Like education, obtaining and holding a job may be negatively 
affected by starting weed early in adolescence and with heavy use. 
Education and employment are of course highly related. There is 
conflicting evidence on the relation between cannabis use and job 
outcomes. Some studies show no or weak effects on employment 
using certain statistical approaches*! while other studies show 
specific effects on employment"® *°87], particularly for heavy users 
of weed. French researchers studying 18,879 workers aged 18-69 
years found that cannabis (as well as alcohol and tobacco) use was 
positively associated with job loss at one-year after adjusting for age, 
gender, depressive symptoms, and self-rated health®*!. There are 
also reports that weed can have a positive effect on wages in the 
short run*!, What's up with that? 


Does weed cause a lack of motivation or an increase in apathy, 
which plays out in many different directions like school or jobs®**!? 
It’s hard to say. It is very difficult to statistically separate motivation 
from other confounders related to amotivation such as depression, 
personality differences, and alcohol and other substance use. These 
multiple factors tend to act together. Some researchers find no 
evidence of amotivation and weed. However, other researchers have 
shown statistically significant correlations with cannabis use and 
amotivation»*” and apathy"** °””°”!, possibly in the context of 
Dopamine dysfunction. Interestingly, one study showed “cannabis 
without CBD led to an overall reduction in motivation®™!. Cannabis 
with CBD did not appear to reduce this effect but did moderate THC’s 
effects”, 


Motivation, Amotivation and White Russians 


Motivation (moh-tuh-vey-shuhn) Definition: the state or 
condition of being motivated or having a strong reason to act or 
accomplish something. As opposed to Amotivation®™, or the 
lack of motivation. 


The classic stoner, Jeffrey “The Dude” Lebowski, from the 
movie “The Big Lebowski’*", slacker, bowler, and White 
Russian enthusiast...could be said to be in a chronic state of 
Amotivation...but in his words, “Yeah, well, you know, that’s 
just, like, your opinion, man.’-The Dude®”! 


Conflating Decriminalization/Legalization of Cannabis and 
Health related issues 
Conflate /kan flat/ -to combine two or more ideas, etc. into one. 


A major factor driving the decriminalization and legalization 
movements of cannabis is the failure of the war on drugs, which has 
been not only ineffective, but has resulted in untold societal effects 
and harmful effects on individual lives due to falling into the 
criminal justice system and incarceration. Often public discussion 
driving cannabis legislation centers on incarceration and 
decriminalization issues, while ignoring important health related 
issues. Also, central to any discussion of legalization is a potential 
increase in revenue from taxing cannabis sales. However, the push 
to change the legal aspects of cannabis for whatever reason does not 
mean that the health issues related to cannabis use have changed. 
Those issues should not be conflated. 

Driving 

The THC in weed is a psychoactive agent. It messes with your 
judgment, thinking, attention, psychomotor skills, as well as your 
time and space perception»* °°, And yes, it interferes with your 
ability to drive, both while you are high and in chronic long time 
users. Ironically, with the legalization of recreational marijuana, the 
public perception of safety and driving may become confused)", 
with many people thinking that it is safe to drive after using 
marijuana. A driving simulator study in California reported that 
“Chronic marijuana users had slower reaction times, deviated less in 


speed, and had difficulty matching a lead vehicle’s speed compared 
to nonusers”»**!, In a study of car crashes, Cook and coworkers 
looked at 24 American cities between 2010 and 2017 and showed a 
“13% increase in fatal crashes involving 15 to 24-year-old male 
drivers following marijuana decriminalization...This effect was 
immediate and strongest on weekend nights.”*!. Interestingly, they 
did not find an increase in crashes in females and older males. They 
also saw a decrease in crashes related to the introduction of Medical 
Marijuana laws which require consumption at home. This increase 
in marijuana related crashes has also been found in different 
countries including Australia, Uruguay", and Canada! In a 
systematic review of 19 scientific publication databases, it was 
concluded that, “acute cannabis consumption is associated with an 
increased risk of a motor vehicle crash, especially for fatal 
collisions”**!, Whatever way you look at it, smoking weed and 
driving can be a fatal mix. That’s not to mention the mixing of 
alcohol, weed, and driving, which of course happens all the time. 
What teenage party does not have both alcohol and weed? 


Violence, Suicide, and PTSD 

Violence has been associated with marijuana use in population 
studies from around the globe™**!: including in Canada, 
Scandinavia'*!, remote aboriginal communities in Australia|, 
England", Switzerland'*!, and the United States! *!, This is often 
in the context of impulsivity, psychosis or mental illness. These are 
small but statistically significant associations in the overall 
population, but at an individual level, the results can be tragic. 


Weed can induce psychosis in some individuals, psychosis can lead 
to violence in some people. Not in everybody, not in many people, 
but in a few troubled individuals. In his excellent book “Tell Your 
Children” Alex Berenson describes the history, science and 
individual stories of psychotic breaks after using marijuana leading 
to violence, often out of nowhere. The stories are painfully sad and 
heartbreaking'** °*!, 


In a review of incidents of heavy marijuana use and violence, 
Norman Miller and colleagues describe! recent high profile cases 
of extreme violence including; Nikolas Cruz in 2018 at the Marjory 
Stoneman Douglas High School in Parkland, Florida; Dylan Roof in 
2015 at the Emanuel AME church in Charleston, South Carolina; 
Devin Patrick Kelley in 2017 at the First Baptist Church in Sutherland 
Springs, Texas, and Jared Loughner in 2011 at US Representative 
Gabrielle Giffords’s political event in Tucson, Arizona. All of these 
young men were heavy marijuana users from a young age, and 
suffered from paranoia and mental illness, including hearing voices. 


Cannabis and violence is not just about high profile cases. Weed has 
been positively associated with dating violence and intimate partner 
violence. Johnson and colleagues showed that marijuana use is 
associated with physical dating violence in adolescents as both the 
victim and the perpetrator!"!. Similarly, Shorey and coworkers"! 
demonstrated that marijuana is associated with intimate partner 
violence perpetration among men arrested for domestic violence. 


The role of weed in violence is very complex and much more study 
is needed. Does weed induce violence on its own? Is it a trigger? 
Does it happen in many people? Almost certainly not for all of these, 
but in the witches brew of long term use, strong THC content, 
genetic risk, increasing paranoia and mental illness, things can go 
horribly wrong in some individuals. 

Suicide 

Suicide is tragic violence to oneself. Factors that contribute to 
suicide, suicide attempts, and suicide ideation'**®! (thoughts about 
suicide) are many and complex'*!, Among those factors are 
depression, psychosis, bipolar disorder and other mental health 
issues; being between the ages of 15 and 24 years or over age 60, a 


family history of suicide, and substance abuse, including weed” **+ 
621, 622] 


In a recent study of over 86,000 adolescents aged 12-15 years from 
21 low- and middle-income countries, Carvalho and coworkers'©*! 
found that cannabis use in the past 30 days was associated with a 


2.03 times higher odds for suicide attempts. This was after 
adjustment for other complicating factors including alcohol 
consumption, amphetamine use, smoking, and anxiety-induced 
insomnia. This is a statistical association. The authors clearly state 
that further work needs to be done to show causality. 


In a meta-analysis of multiple studies from different populations 
and using different statistical methods on suicide and cannabis use 
from 1990-2015"), it was found that “The evidence tends to support 
that chronic cannabis use can predict suicidality”. However, that 
finding was tempered by the variation introduced by different study 
parameters. 


Tom King Forcade 

Tom King Forcade* *!, was a drug smuggler, cannabis activist, 
and journalist. He was a colorful character in the early 
counterculture days of the marijuana movement in the United 
States. He ran the Underground Press Syndicate and founded 
the magazine High Times in 1974 which promotes the 
legalization and use of weed. By 1977 High Times was selling as 
many copies an issue as Rolling Stone and National Lampoon. 
Forcade gained notoriety in 1970 by hitting Chairman Otto 
Larsen in the face with a cream pie during the President’s 
Commission on Obscenity and Pornography. Forcade was 
increasingly plagued by depression and paranoia. He 
committed suicide at the age of 33, shooting himself in the head 
on November 17, 1978!°?5 °41, 


Post Traumatic Stress Disorder 

Cannabis is commonly discussed in the general public as a 
therapeutic approach in Post Traumatic Stress Disorder (PTSD), 
especially with respect to returning veterans. Although using weed 
to alleviate the symptoms of PTSD is controversial'**”, in fact, there 
is little scientific evidence that smoking weed helps aspects of PTSD, 
although more study is needed. A recent study from University 
College London concluded that “The clinical effectiveness of 
cannabinoids for the treatment of PTSD remains largely 


hypothetical; there is insufficient and poor-quality evidence of the 
effectiveness of cannabinoids for PTSD.”!**! 


There is growing evidence that marijuana may make symptoms of 
PTSD worse, including Cannabis Use Disorder and suicide. °" In a 
2015 study from Yale University, the title spells it out “Marijuana use 
is associated with worse outcomes in symptom severity and violent 
behavior in patients with posttraumatic stress disorder“. They 
studied 2,276 veterans with PTSD. When compared to veterans who 
had never used weed, stopping weed improved PTSD symptoms 
while starting weed increased PTSD symptoms.'*". 


Marujuana use and PTSD have both been associated with 
abnormalities in brain white matter. In a recent brain imaging 
analysis of the white matter of PTSD patients that either used or did 
not use weed, marijuana did not improve brain white matter 
abnormalities. '°*7! 


In a 2019 study of cannabis dependence and post-deployment 
suicide attempts in Iraq/Afghanistan-era veterans, Kelsie Adkisson, 
and colleagues***! from the Veterans Administration Mid-Atlantic 
Mental Illness Research, Education, and Clinical Center, found that 
lifetime cannabis dependence is associated with post-deployment 
suicide attempts among veterans. 


Conclusion 


Science is a constantly flowing river. Evidence accumulates every 
day. We are always in a position of knowing many things, but always 
wanting to know more. At the same time, we as individuals are faced 
with having to make health and life decisions on any given day 
sometimes using incomplete and imperfect information. What do 
we do today with what we know right now? My guess is that most 
thoughtful people make important life decisions as best they can in 
the face of uncertainty. They weigh the best information currently 
available and decide which path to take. 


What I have described in this book is the peer reviewed scientific 
evidence that Cannabis and Cannabis products can harm your 
health, the health of your kids, your friends, and your neighbors. I 
have only scratched the surface of the more than 35,000 peer 
reviewed scientific publications on Marijuana. Much of this work is 
ongoing and more work is always needed, but there is clearly an 
overwhelming amount of data that documents Cannabis associated 
harm. 


While many people have no problems associated with Cannabis, 
many do. Especially vulnerable are developing babies, adolescents 
and young adults, people with underlying medical conditions, and 
people with a family history of substance abuse or common mental 
and psychological conditions, such as anxiety, depression, or bipolar 
disorder. That’s a lot of people. 


By far, most of the health problems associated with Cannabis are 
related to: How early you start, How often you use it, How much you 
consume, and How strong it is. Of course the simplest way to avoid 
these health problems is to not use cannabis or cannabis products. 


How might cannabis use affect you in the sort term and in the long 
term? How does it affect your kids and the people around you? I 
have introduced you to the current state of scientific evidence. 


Think on these things. Make your own decisions. May your own path 
lead to good health, happiness, and well being. 


Remembering Mark 


Mark was my older brother, by 14 months. My only sibling. He was a 
nice guy, very shy, sometimes funny, tall and very skinny as a 
teenager. At 19 he looked like James Taylor. He wore a top hat, 
played acoustic guitar. His nickname as a teenager was “Skel” for 
Skele-teen. Hey Skel, what’s up? 


He was quite the stoner in high school. He would hide his weed in 
the heating vents in the floor of his room. Our parents always found 
it, but he would still hide it there. He had a subscription to “High 
Times”. He painted his bedroom black. Later in life, I asked him, 
“Mark. Did you smoke a lot of weed in high school?”. He said...“no... 
no...I smoked a lot of Hash!” 


After graduating from high school, he took some classes at a local 
community college and worked at various jobs for a short while. 
Worked in a restaurant at the beach one summer. Around age 18 or 
19 he started sleeping all day and acting and talking erratically. Our 
parents got him counseling, but it didn’t help. It got worse. Then he 
started acting really weird and was picked up by the local police and 
spent a night in the local slammer. 


He was diagnosed as schizophrenic around age 21. He would go off 
and on his medication. When he was home he would throw his 
medication out the window, he said he wanted to grow “Mellaril 
trees”. He climbed out a window and disappeared one day. After 
about three weeks he was arrested over 2,000 miles away in eastern 
Nevada. A friend and I drove an old pickup truck to get him and 
brought him home where he first entered a psychiatric hospital. He 
spent time in 5 or 6 psychiatric hospitals, finally spending 5 years in 
Maryland’s maximum security forensic psychiatric hospital. That 
was quite grim. When he got out of that hospital he was a changed 
person, very passive with a flat affect. 


He moved to a very nice town on the Chesapeake bay close to my 
parents, went to a day center and lived in group homes for about 10 


years. He then got his own subsidized apartment and lived on 
disability until the age of 65, when he had a heart attack and passed 
away. In that town, he had a wonderful dedicated network of 
support from health professionals and caring people for which I will 
be eternally grateful. 


After he got sick, he never held a job, never had a girlfriend, never 
played guitar again, never read a book. He was a chronic 
schizophrenic, confused for 45 years. Do I know that weed caused 
his schizophrenia? No. What I do know is that it sure as hell didn't 
help. Take care Skel. 
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Glossary and Useful Definitions 


Scientific review paper—a scientific paper that discusses multiple 
published papers on the same or similar topics, with the aim of 
distilling or summarizing the current findings found in those 
papers. Sometimes the summary consolidates the findings, however 
sometimes the summary reveals that there is no consensus on the 
topic. Typically they come in different styles such as; narrative 
review, meta-analysis, or systematic review. 


Scientific research study—a controlled analysis of a medical or 
scientific topic which records, collects, analyzes, and summarizes 
data. These come in different types including; experimental study, 
observational study (where you only observe and record data), 
interventional study (where you intervene or give drugs or 
compounds), association study (which is primarily statistically 
based), longitudinal study (which takes place over a long period of 
time), and cross sectional study (which analyzes data acquired all at 
one time). 


Bi-phasic response—two separate and distinct responses that are 
separated in time. 


SNPs Single Nucleotide Polymorphism—a nucleotide position in 
the DNA that is variable, being one of either A, T, C, or G. 


Gene—a gene is a basic unit of heredity and a sequence of 
nucleotides in DNA, that encodes RNA for the synthesis of a gene 
product, either RNA or protein. 


Gene variant—a specific region of the gene which differs between 
two individuals. 


Dopaminergic—releasing or involving dopamine as a 
neurotransmitter. hyperdopaminergic - an excessive dopaminergic 
response and hypodopaminergic- significantly reduced levels of 
dopamine as opposed to normal levels. 


Cognition—the mental action or process of acquiring knowledge 
and understanding through thought, experience, and the senses. 


Epigenetics—epigenetics is the study of heritable phenotype 
changes that do not involve alterations in the DNA sequence. 


Cardiac arrhythmia or dysrhythmia—cardiac dysrhythmias are a 
problem with the rate or rhythm of your heartbeat caused by 
changes in your heart’s normal sequence of electrical impulses. 


Poly Substance Use—the consumption of multiple legal or illegal 
substances over a defined period or simultaneously. These may 
include alcohol, cannabis, nicotine including vaping nicotine, 
opioids, cocaine, methamphetamine, or other substances. 


Genus species versus strain—The official systematic Genus of 
marijuana is Cannabis. Two species of Cannabis are sativa and 
indica. The word strain has no official botanical meaning and is used 
for varieties of Cannabis sativa or Cannabis indica which have been 
bred to strengthen different traits including THC or CBD content, 
growing properties, or different terpenes. 


Cannabinoid—A chemical found in cannabis. 


Terpenes—Organic compounds that provide aroma and flavor in 
cannabis and other plants. 


Edibles—a food infused with cannabinoids. When marijuana s 
ingested, cannabinoids enter the bloodstream through the digestive 
system, which increases po tency, delays the onset of effects and 
may lengthen the intoxicating effects. 


Dabbing or Dabs—the use of cannabis concentrate, often from 
butane hash oil, often used through a vaporizer. 


Shatter—a brittle, glasslike concentrated cannabis extract with a 
tendency to snap when handled. 


Wax—a cannabis concentrate named for its appearance and texture. 
It has an opaque, thick, malleable, wax-like consistency. 
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